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Abstract 
The maize (Zea mays L.) opaque2 (o2) mutant has high lysine content, but soft and 
starchy kernels. The o2 pleiotropic effects depend on its genetic background. To 
characterize the effects of the genetic background on the o2 mutant, the amino acid content 
and the kernel density of eight pairs of wild-type and o2 inbred lines were analyzed. Our 
results confirm that the Lys content and the kernel density of o2 mutants from the eight 
inbred lines are genetic-background dependent. Moreover, the differences of Lys content are 
negatively correlated with the differences of kernel density between wild-type and o2 
mutant. Further analysis of zein protein levels in two pairs of inbred lines, B46WT/o2 and 
M14WT/o2, with the most and least difference of Lys content between wild-type and o2 
reveals that the extent of reduction of zein contents is also dependent on its genetic-
background. In order to understand the main effects of o2 mutation which are masked by its 
genetic background at transcript level, microarray analysis was carried out by pooling the 
same amount of mRNA from eight o2 lines to probe the maize Unigene cDNA chip. 
Additional two inbred lines with most and least extreme phenotypes were investigated 
separately. 202 genes identified as differentially expressed in the comparison of eight pooled 
inbred lines fit our definition of main effect genes. Comparative analysis of the expression 
profiles of B46WT/B46o2, M14WT/M14o2, and Pooled WT/o2 from eight genetic lines 
shows B46WT/B46o2 with the most extreme phenotype has the highest extent of differential 
expression and the largest number of genes being affected by o2 mutation. Further analysis 
of o2 gene expression suggests that the genetic background effect is correlated to the 
transcript level of o2. 
vi 
To better understand the 02 regulatory network in maize endosperm, temporal 
profiling of differences in endosperm transcript levels between the maize inbred lines B45 
and B45o2 was conducted at four time points during endosperm development. The 
differentially expressed genes possibly involved in the same pathway were grouped 
together. Several of the differentially expressed genes identified are homologous to 
transcription factors. One of them is a basic leucine zipper transcriptional factor which has 
homology to 02-like protein family. Analysis of the promoter region of this basic leucine 
zipper gene indicates it has putative 02 binding sites and several other known cis-elements, 
suggesting it may be directly regulated by 02 and involved in the regulation of endosperm-
specific gene expression. Clustering of this bZIP transcription factor into the same group as 
o2 gene also supports the above hypothesis. Interestingly, two putative G-box binding 
protein transcripts were found to be up-regulated in the o2 mutant, suggesting they may act 
as transcriptional repressors in the 02 regulatory network. 
In the third study, we set out to transform a wheat Glu-lDx5 gene potentially 
regulated by 02 into corn to manipulate the protein content of maize endosperm. The levels 
of transgene expression and zein contents were quantified. Quantification of the protein 
level of Glu-lDx5 in two events 097 and 190 using HPLC showed that it accounts for 2.0% 
and 2.4% of total protein and 4.6% and 4.0% of alcohol soluble protein of immature 
endosperm, respectively. Additionally, the zein levels were significantly lower in endosperm 
containing Glu-lDx5 in event 190. Our transcriptional profiling results show that the global 
gene expression pattern was not changed substantially in both events. Our findings show 
that it is possible to transfer genes between species and have it highly expressed without 
causing big perturbations in the global gene expression of native host system. 
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Chapter 1 : General Introduction 
The recessive opaque2 (o2) mutation of maize gives opaque kernels compared to the 
translucent kernels of wild type. It has been the center of research since its discovery due to 
its high lysine and tryptophan contents which lead to nutritional kernels. However, some of 
the inherent phenotypic deficiencies limit its commercial use, such as susceptible to plant 
pathogens and mechanical damages (Loesch et al., 1976). Quality Protein Maize (QPM) 
developed from the o2 mutants has a hard, vitreous endosperm and a high lysine content 
(Bjarnason and Vasal, 1992; Gevers and Lake, 1992). Studies conducted over the past 40 
years have revealed that the o2 mutation reduces the synthesis of zein storage proteins and 
increases the level of free amino acids. Additionally, the pleiotropic effects of o2 mutation 
are dependent on its genetic background. Our understanding of the biochemical and 
molecular mechanisms leading to these phenomena are still limited. 
The opqaue2 locus encodes a basic leucine zipper (bZIP) transcriptional activator 
which binds to specific sequences such as TCCACGTAGA in the promoters of 22kD a-zein 
and 15kD gamma zein genes, as well as GACATGTC and CC AC AT CAT C motifs in the 
promoter of b32 gene (Lohmer et al., 1991; Ueda et al., 1992; Yunes et al., 1994b). It has 
also been shown that 02 binds to the sequence GCCACCTCAT, a vicilin core sequence 
(Gatehouse et al., 1986; Vincentz et al., 1997). In vitro experiment shows that 02 interacts 
with a zinc-finger protein called PBF (Prolamin box Binding Factor), which binds to a motif 
present in 22kD zein gene promoters called the P-box (TGTAAAG) (Vicente-Carbajosa et 
al., 1997). 02 also forms heterodimers with a bZIP factor 0HP1 (Pysh et al., 1993). The 
broad binding specificity of 02 and its interaction with different transcription factors suggest 
that it plays a key role in the transcriptional network that coordinates the expression of 
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storage protein genes and other genes expressed in different metabolic pathways during 
endosperm development. In recent years, proteome and transcriptome approaches have been 
used successfully to identify many genes whose expression is altered in of 02 endosperm 
(Damerval and Le Guilloux, 1998; Hunter et al., 2002). This progress has led to a partial 
understanding of the mechanism by which these genes are regulated. Many of the essential 
cis-elements and corresponding transcription factors have not been identified. 
The objective of this study is to characterize the genetic background effects on o2 
mutation. We try to understand the o2 main effect and specific genetic-background effects at 
global transcription level. The second objective is to dissect the 02 regulatory network by 
investigating the temporal expression pattern and the promoter region of genes affected by 
o2 mutation. It has long been argued that the introduction of additional genetic material into 
the plant genome may cause undesired effects to gene expression and plant composition 
(Kieran and Zac, 2001). The third objective of this dissertation is to investigate the effect of 
a transgene wheat Glu-lDx5 on its host-maize system at genome-wide level. 
Dissertation organization 
This dissertation consists of a literature review and three manuscripts to be submitted 
to scientific journals. The literature review gives a general illustration of seed storage 
proteins, mainly focusing on prolamins in maize and wheat. The first manuscript reports the 
comparison of amino acid contents, kernel density, zein protein levels, and transcript profiles 
in o2 and wild-type maize endosperm in different genetic backgrounds. The second 
manuscript analyzes the global transcript levels in a developmental series of opaque2 maize 
endosperm from a specific genetic background and characterizes potential transcription 
factors involved in the 02 regulatory network. The third paper investigates the transcript 
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levels and zein contents of transgenic maize expressing the wheat Glu-lDx5 transgene. Each 
manuscript has seven sections: abstract, introduction, materials and methods, results, 
discussion, references, and tables and figures. Following the manuscripts is a general 
conclusion. 
Literature Review 
Introduction 
Maize is one of the three most important cereals grown in the world, the others being 
wheat and rice. These three major cereals account for over 70% of the total production in 
the world. Seed storage proteins in these cereals not only provide the amino acids for 
germination and seedling growth, but also have important impacts on the nutrition of 
humans and livestock. For example, the low proportion of some essential amino acids, such 
as lysine, methionine, and tryptophan, in various cereal seeds limit the nutritional quality of 
these cereal grains. In addition, the properties of the cereal seed storage proteins also play a 
key role in food processing. Take the storage proteins from the gluten fraction in wheat for 
example; their elastic properties are responsible for bread making, pasta and other food 
products. Therefore, cereal storage proteins have long been the major subject of scientific 
study due to their economic and nutritional importance. Conventionally, the seed storage 
proteins are classified according to their extraction and solubility as albumins, globulins, 
prolamins and glutelins (Osborne, 1924). In this review, we focus on the major endosperm 
storage proteins, alcohol-soluble prolamins, which are the most abundant class in the three 
cereals. 
Structures and Properties 
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The prolamins in wheat are divided into three families: sulphur-rich (S-rich), 
sulphur-poor (S-poor), and high molecular weight (HMW) prolamins, according to their 
complete amino acid sequences (Shewry and Tatham, 1990). S-rich family includes a-
gliadins, 7-gliadins, B and C-type low molecular weight (LMW) subunits of glutenin. S-poor 
family consists of two subfamilies, co-gliadins and D-type LMW subunits of glutenin. HMW 
family is mainly made of HMW subunits of glutenin. The members in the same family share 
a similar structure and a common evolutionary origin. The members of different families 
also have some homologous regions such as proline-rich and glutamine-rich repeated motifs. 
The similar repeat motif, PQQPFPQ, present in both S-rich and S-poor families, indicates 
the two families are clearly related. HMW family contains extensive repeated sequences 
based on the motifs PGQGQQ, GYYPTSPQQ, and GQQ. The structures of wheat prolamins 
from different families vary greatly, but all of them share a common unusual property that 
they do not contain any introns, suggesting that they were from a single ancestral gene 
(Kreis et al., 1985). Among the three wheat prolamin families, the HMW subunits of 
glutenin have been studied in detail. Although they only constitute 10% of total storage 
protein, they are the major determinants of the elastic properties of wheat dough which are 
not shared by other cereals. 
The prolamins of maize, called zeins, are classified into four groups, a-, 0-, y-, and 8-
zeins are the major components which account for -75% to 80% of total prolamins in maize, 
but have low contents of methionine, lysine, and tryptophan which result in low nutritional 
quality of the whole grain. The a-zeins are classified into two subgroups, 19kD and 22kD a-
zeins based on their Mr (-19,000 and -22,000). Both of them are encoded by a large 
mutigene family. The 22kD a-zeins are encoded by 23 genes and 22 of them are located in a 
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roughly tandem array on chromosome 4s (Song et al., 2001). The 19kD a-zeins contain 
roughly 50 members found in three of the 10 chromosomes in maize. They are divided into 
three subfamilies: zl A, zlB, and zlD. 22kD a-zein is denoted as zlC (Heidecker and 
Messing, 1986). Both of 19kD and 22kD a-zeins contain degenerate repeated amino acid 
sequence LQQF/LLPA/FNQLA/LA/VANSPAYLQQ. There are nine such repeats in 19kD 
and ten in 22kD respectively. These repeats are predicted to be a-helices which are supposed 
to facilitate packaging in the protein bodies by folding the protein into a rod-shaped 
molecule (Argos et al., 1982; Garratt et al., 1993). Lack of the essential amino acids lysine 
and tryptophan in these repeats makes maize grain less nutritionally valuable, because 50-
60% of amino acids in maize seed are contributed by the zeins and 19kD and 22kD a-zeins 
account for 70% of the total zein fraction. The (3-zein has a molecular mass of 15kD 
determined by SDS-PAGE. The (3-zein does not contain repetitive peptides, which is distinct 
from a-zeins. Its secondary structure consists of (3-sheets and turns (Pedersen et al., 1986). y-
zeins are the second most abundant group of proteins in maize. There are three kinds of y-
zeins, 16kD, 27kD, and 50kD (Prat et al., 1987). All y-zeins share six highly conserved Cys 
residues as well as some other conserved polypeptide domains (Woo et al., 2001). They 
become highly cross-linked by disulfide bonds and locate primarily in the outer region of 
protein body (Lending and Larkins, 1989). Sharing the same feature and 85% identical 
sequence of the last 140 amino acids of the |3- and y-zeins indicates that they are highly 
related to each other. However, y-zeins contain repeated amino acid sequences. The 27kD y-
zein contains a series of eight tandem hexapeptides (PPPVHL), whereas the 50kD y-zein has 
a larger block of polyglutamine repeats at the N terminus. This block is missing in 16kD y-
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zein, but it has three degenerate pro-rich repeats (PPPF/HH/YM/L). The ô-zeins are made up 
of two minor components, lOkD and 18kD (Kirihara et al., 1988; Chui and Falco, 1995), in 
maize zein family. Both of them are Met-rich and the amino acid sequences are very similar 
except that the 18kD ô-zeins have a Met-rich 53-amino acid insertion which is highly 
repetitive in the central part of the sequence. The comparison of amino acid sequences 
reveals that the p-, y-, and ô-zeins all belong to the prolamin superfamily. These minor 
prolamins of maize are encoded by small gene families compared to the a-zeins 
(Rubenstein, 1981; Boronat et al., 1986). However, the characterization of cDNA sequences 
from endosperm libraries indicates that there are not transcripts as many as the number of 
coding sequences in the genome (Marks et al., 1985). The conflict of above conclusions 
suggests that further analysis needs to be conducted on the nature and expression of a-zeins. 
Regulation of Prolamin Gene Expression 
Although prolamin genes vary in size, organization, chromosome location, and 
expression level, their expression pattern is restricted to a specific tissue and seed 
development stage. It appears several conserved cis-elements in their promoter regions and 
the corresponding trans-acting factors regulate the specific temporal and spatial expression 
combinatorially. The first identified conserved element is called bifactorial endosperm box 
or -300 element since it is located around 300bp upstream of the transcription start site 
(Kreis et al., 1985). The consensus sequence for this element is: 5'-TGACATGTAA 
AGTGAATAAG AT GAGT CAT G-3 % which contains two conserved motifs. The 5' motif 
TGTAAAG is called Prolamin (P-) box and the 3' motif TGA(G/C)TCAT is called GCN4-
like motif (Muller et al., 1995), which is similar to the yeast GCN4 and mammalian API 
7 
(Hill et al., 1986; Piette et al., 1988). P-box is present in the 19, 22 and 27 kD zein gene 
promoters. The binding specificity of protein factors in endosperm nuclei to the P-box 
suggests it may be involved in the coordinated activation of all classes of zein genes during 
endosperm development (Maier et al., 1987; Quayle and Feix, 1992; Ueda et al., 1994; 
Vicente-Carbajosa et al., 1997). Two additional motifs, ACGT and AACA, were 
characterized later. ACGT motif is present in the Opaque2 target site of 22kD ozein 
promoter and is essential for the high affinity binding of the 02 bZIP protein (Schmidt et al., 
1992). The ACGT core sequence has been shown to be essential for the DNA binding of 
different trans-acting factors (Foster et al., 1994). The AACA motif was identified in the 
promoter of different rice glutelin genes (Takaiwa and Oono, 1990; Zheng et al., 1993), and 
it has been suggested that the combination of AACA and GCN4 motifs confer specific 
endosperm expression of the rice storage protein (Yoshihara et al., 1996). Prolamin box, 
GCN4 motif, AACA motif, and ACGT motif are conserved in many promoters of cereal 
seed storage protein genes and have been characterized as cis-elements involved in 
endosperm-specific expression (Morton et al., 1995). Some of the corresponding trans-acting 
factors have also been characterized. The most characterized endosperm-specific 
transcription factor is maize Opaque2 belonging to the basic leucine zipper (bZIP) family 
that has been shown to bind to the ACGT motif of 22kD ozein promoter and activate its 
transcription (Schmidt et al., 1992). In addition to the ACGT motif, 02 has been reported to 
recognize the GCN4 motif (Lohmer et al., 1991; Holdsworth et al., 1995; Wu et al., 1998), a 
palindrome sequence GACATGTC found in the promoter ofb-32 gene (Yunes et al., 
1994b), and GCCACCTCAT, part of the large vicilin box (Vincentz et al., 1997). The cDNA 
clones encoding 02-like transcription factors have been isolated in wheat (Albani et al., 
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1997), barley (Vicente-Carbajosa et al., 1998; Onate et al., 1999), and rice (Onodera et al., 
2001). They also recognize the GCN4 motif to control the endosperm-specific expression of 
seed storage protein genes. PBF (Prolamin-box Binding Factor), a zinc-finger transcription 
factor containing a Dof domain isolated in maize, binds to the P-box element also present in 
the 22kD a-zein promoter (Vicente-Carbajosa et al., 1997; Yanagisawa and Sheen, 1998). 
The specific interaction of PBF with the 02 protein in vitro suggests that these two 
transcription factors may regulate the expression of seed storage proteins coordinately 
(Vicente-Carbajosa et al., 1997). 02 has also been reported to form heterodimers with a 
bZIP factor OHP1 (Pysh et al., 1993). The broad binding specificity of 02 and its interaction 
with other transcription factors suggest it plays a coordinate role in the network of 
controlling the expression of seed storage proteins. 
Synthesis and Deposition 
All storage proteins are initially synthesized on the rough endoplasmic reticulum 
(ER) membranes which serve as the gateway to the secretory pathway (Bollini and 
Chrispeels, 1979; Staehelin, 1997). Storage protein precursors have N-terminal signal 
peptides which enable them to cotranslationally transport from the cytoplasmic side of the 
rough ER into the endomembrane system. The storage proteins may remain in the ER or be 
transported to their cellular destinations through the endomembrane system via the Golgi 
apparatus. The globulins are in the latter situation. They are translocated from the ER 
through Golgi into protein storage vaculoles (PSV), which later were transformed into 
Protein Body (PB). Wheat seeds possess an autophagic process for the ontogeny of PSV, 
bypassing the conserved mechanism of Golgi-mediated targeting and transport to the 
vacuole (reviewed in Staehelin, 1997; Herman and Larkins, 1999). Protein body is a 
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specialized membrane-bounded storage organelle for storage protein accumulation. The 
protein body formed in this way is called vacuole-derived. In maize, zeins accumulate 
directly in the lumen of ER and sequestered into PBs surrounded by a membrane of ER 
origin (Coleman and Larkins, 1999). This is called ER-derived. In rice, both kinds of protein 
bodies exist. PB-I is ER-derived and contains prolamins. PB-II is vacuole-derived and 
contains globulins/glutelins (Krishnan et al., 1986; Yamagata and Tanaka, 1986). PBs 
formed in developing maize endosperm cells have different sizes. The smallest PBs contain 
/3- and Y-zeins, which are first to be deposited (Lending and Larkins, 1989; Lopes and 
Larkins, 1991). The a- and ô-zeins are accumulated in the matrix of /3- and Y-zeins to form 
central-locules and these locules finally fuse to from a continuous central region. The size of 
PBs is thus increased. In these bigger PBs, the /3- and Y-zein locate in the surface to form a 
continuous layer, while a-and ô-zeins fill in the interior part (Lending and Larkins, 1989; 
Esen and Stetler, 1992). It has been reported that j3-zein or Y-zein or both are necessary for 
the assembly of protein bodies and play a role of partitioning a-and ô-zeins in the center of 
protein bodies (Lending and Larkins, 1989, 1992). 
The mechanism of retention of zeins in the rough ER lumen is partially understood. 
Zeins do not have the C-terminal ER retention signal KDEL. The effort to identify other 
retention signals by expressing Y-zein in Arabidopsis and Xenopus oocytes indicates the N-
terminal proline-rich repeats of Y-zein with the C-terminal deleted direct its retentation in the 
ER, whereas the truncated zein only with C-terminal was secreted (Geli et al., 1994). 
Transgenic research also suggests that (3- and Y-zeins may help the a- and ô-zeins retain 
within the ER lumen (Coleman et al., 1996; Bagga et al., 1997). Recent work shows that the 
interactions between zein proteins determine the protein body assembly. Strong interactions 
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among the 50kD, 27kD, and 16kD -y-zeins and the 15kD /3-zein, between the a- and ô-zeins, 
and the 16kD y- and the 15kD /3-zein were found. On the other hand, another possible 
mechanism by mKNA sorting which was reported in rice was excluded using in situ 
hybridization (Li et al., 1993; Kim et al., 2002). 
Maize Mutants Affecting Zein Accumulation 
A bunch of maize mutants leading to the change of storage protein synthesis and 
deposition have been described (Table 1). Opaque2 mutation reduces a- and /3-zein synthesis 
and result in small, unexpanded protein bodies (Geetha et al., 1991). Opaquel5 mutation 
leads to a smaller number of protein bodies with the reduction of y-zein synthesis. Floury2, 
Mucuronate, and Defective endosperm B30 mutations change the shape of protein bodies 
(Fontes et al., 1991; Coleman et al., 1997). 
Among them, the first to be characterized is Opaque2 mutation. The name of 
opaque2 mutant came from its opaque property compared to the translucent mature kernel of 
wild type. It has pleiotropic effects in addition to the reduction of zein protein contents, such 
as soft and starchy endosperm texture, increase of lysine and tryptophan, higher RNase 
activity (Dalby and Davies, 1967), altered amino acid, nitrogen, and sugar metabolism 
(Giroux et al., 1994; Yunes et al., 1994a), reduction in protandry (Gupta, 1979), differences 
in photosynthetic activity of young seedlings (Morot-Gaudry et al., 1979), lower yield, and 
increased seed susceptibility to plant pathogens and mechanical damages (Loesch et al., 
1976). Some of the inherent phenotypic deficiencies limit its commercial use. Opaque2 
locus encoding a bZIP transcription factor has been well characterized. Proteins known to be 
affected by 02 are listed in Table 2. 
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Manipulation of Seed Protein Content 
Proteins have major impact on the end use properties of the grain. Prolamins are the 
main storage proteins in two major cereals, wheat and maize. Deficiencies in the essential 
amino acids lysine and tryptophan (particularly in maize) makes the cereals less nutritionally 
valuable. Traditional breeding in cereals play a key role in improving the quality and 
quantity of seed storage proteins (Payne, 1983). Since the discovery of maize opaque2 
mutant with high lysine and tryptophan content, the conventional breeding methods have 
been used to develop this mutant into agronomically useful cultivars. Despite the phenotypic 
deficiencies of o2 mutant, breeders at the International Maize and Wheat Improvement 
Center (Mexico) have developed Quality Protein Maize (QPM) with normal phenotype but 
high nutritional quality by selection of modified o2 lines using modifier genes through a 
long time effort. 
With recent advances in genetic engineering of crop plants, it becomes the only 
option for transferring interesting genes between widely related species. The HMW glutenin 
genes, which are responsible for bread-making quality, have been introduced into wheat 
(Blechl and Anderson, 1996; Barro et al., 1997; Alvarez et al., 2000), tritordeumelastic 
(Rooke et al., 1999), and maize (Sangtong et al., 2002) to make the protein content more 
valuable. A synthetic procine olactalbumin gene has been transformed into maize to 
improve its kernel's nutritional value (Yang et al., 2002). Many successful works reveal that 
it is feasible and promising to manipulate the quality and quantity of seed storage proteins by 
genetic engineering. 
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Tables and Figures 
Table 1 Some features of maize mutants affecting zein accumulation (Adapted from Motto et 
al., 2003) 
Protein Inheritance Effect on zein accumulation 
Opaque2 (o2) Recessive 22kD, 15kD reduction 
Opaque6 (06) Recessive general reduction 
Opaque7 (o7) Recessive 19kD reduction 
Opaque 15 (o 15) Recessive K-zein reduction 
Opaque2 modifiers Semidominant 27kD overproduction 
Floury2 (fl2) Sem (dominant general reduction 
Floury3 (fl3) Semidominant general reduction 
Defective endosperm 
B30 (DeB30) Dominant 22kD reduction 
Mucronate (Mc1) Dominant general reduction 
Zpr10 (22) Recessive 10kD reduction 
Table 2 Maize proteins whose accumulation is affected by the o2 mutation (Adapted from 
Motto et al., 2003) 
Protein Function Regulation Transcriptional 
22kD &15kD zein Storage Protein 
Type I ribosome-inactivating 
Down Yes 
b32 protein Down Yes 
Cytosolic PPDK Amino acid interconversions Down Yes(?) 
b70 HSP70 homologue Down No 
Aspartate amino 
transferase Amino acid interconversions Down ? 
Acetohydroxy acid Synthesis of branched chain 
synthase amino acids Down ? 
Lysine ketoglutarate 
reductase Lysine catabolism Down ? 
Aspartate kinase Lys, Met, Thr synthesis Down ? 
Glyceraldehyde-3P-
dehydrogenase Stress-induced glycolysis Up ? 
Aspartic proteinase Proteolysis during 
precursor germination? Up ? 
Elongation factor 1 a Translation, mRNA 
(EF-1ff) cytoskeleton ssociation? Up ? 
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Chapter 2: Comparison of transcript profiles in o2 and wild-type 
maize endosperm in different genetic backgrounds 
Hongwu Jia, Dan Nettleton, Bingbing Wang, Gricelda Vazquez-Carrillo, Paul Scott 
A paper to be submitted to Plant Physiology 
Abstract 
To characterize the effects of the genetic background on the o2 mutant, the amino 
acid content and kernel density of eight pairs of wild-type and o2 inbred lines were analyzed. 
We confirm the Lys content and kernel density in o2 mutants are genetic-background 
dependent. The analyses also reveal a highly negative correlation between the Lys content 
and kernel density. Two pairs of inbred lines with the most and least difference in Lys 
content between the wild-type and o2 version, B46 and M14, were selected for further 
analysis of their levels of zein proteins. The extent of reduction of zein levels in the o2 
versions of these two inbreds was also shown to be background-dependent, in agreement 
with previous studies. To investigate the specific genetic background effects and to identify 
changes common to several genetic backgrounds at the transcript level, immature endosperm 
cDNAs from Ml4 and M14o2 as well as from B46 and B46o2 was used to probe the maize 
Unigene cDNA microarray. In addition, probes were also made from pooled RNA extracted 
from eight pairs of inbred lines and their o2 conversions to understand the main effect of o2. 
Analysis of the expression profiles from B46 and B46o2 shows that 303 genes were 
differentially expressed and 52 of these were up-regulated in the B46o2 mutant. Between 
M14 and M14o2, 151 genes were identified as differentially expressed and 16 of these were 
up-regulated in the M14o2 mutant. Between the wild-type and o2 pools, 202 genes were 
differentially expressed and 34 of them were up-regulated in the o2 mutants. These genes fit 
our definition of o2 main effect genes. 107 differentially expressed genes are common 
among the three comparisons and 55% of them are unknown functions. On average, for 
these 107 genes, the values of the ratios of transcript level between wild type and o2 are 
much higher in B46 than either in Pooledo2 or in M14o2. These transcription profiling 
results are in agreement with the other phenotypic data showing that the phenotype of B46o2 
is the most extreme of the genotypes examined. RT-PCR analysis reveals that B46 has a 
higher o2 gene expression than M14, though o2 is a null mutation in the corresponding o2 
mutant, suggesting that the genetic background effect is correlated to the transcript level of 
o2. 
Introduction 
The maize (Zea mays L.) opaque2 mutant has long been the subject of intense 
research due to its impact on kernel protein nutritional quality. Studies conducted over the 
past 40 years have revealed that the o2 mutation reduces the synthesis of zein storage 
proteins and increases the level of free amino acids, including lysine. Nevertheless, our 
understanding of the biochemical and molecular mechanisms leading to these phenomena 
are still limited. 
The opqaue2 (o2) locus encodes a basic leucine zipper (bZIP) transcriptional 
activator which binds to specific sequences such as TCCACGTAGA in the promoters of 
22kD a-zein and 15kD gamma zein genes, as well as a GACATGTC palindromic sequence 
in the promoter of the b-32 protein (Lohmer et al., 1991; Schmidt et al., 1992; Ueda et al., 
1992; Yunes et al., 1994). The identification of these 02 binding motifs explains the 
transcriptional reduction of 22kD, 15kD zein genes, and b-32 in the o2 mutant. It has also 
been shown 02 binds to the pseudo-palindromic AP-1 site (ATGACTCAT) in the pea lectin 
promoter (de Pater et al., 1994). A study of the basis of the broad 02 DNA-binding 
specificity revealed that part of the vicilin core GCCACCTCA may be a target of 02 
(Gatehouse et al., 1986; Vincentz et al., 1997). As abZIP transcription activator, 02 
interacts with a zinc-finger protein called PBF (Prolamin box Binding Factor), which binds 
to a motif present in 22kD zein gene promoters called the P-box (TGTAAAG) (Vicente-
Carbajosa et al., 1997). The P-box is found in the 22kD zein gene promoter about 20 bp 
upstream of the binding site for 02. Interestingly, the 19kD and 27kD zein gene promoters 
also have the P-box binding site, but no 02 binding site. It has been shown that the 
expression of some 19kD zein genes is also reduced in the o2 mutant (Hunter et al., 2002). 
The importance of the P-box in activation of zein gene expression was shown using a 
transient expression assay of zein promoter activity (Quayle and Feix, 1992; Ueda et al., 
1994). The lack of an 02 binding site in the 19kD and 27kD zein gene promoters implies 
additional regulatory factors and promoter elements must be involved in the coordinated 
activation of zein gene expression during endosperm development. 
It has been reported that the many pleiotropic effects of o2 depend on its genetic 
background. Seed opacity is correlated with a reduced zein content in several o2 inbred lines 
(Schmidt, 1993). The transcript levels of zein genes and zein protein levels in o2 endosperm 
are genetically background-dependent (Ciceri et al., 2000). The phenotypic variation in FAA 
(Free Amino Acid) composition of o2 inbreds' endosperm is related to their genotypes 
(Wang and Larkins, 2001). Because some of these phenotypic effects reduce the agronomic 
quality of o2 kernels, the possibility of finding genetic backgrounds in which the o2 
phenotypic effects are reduced is important. The breeders at the International Maize and 
Wheat Improvement Center (Mexico) developed the Quality Protein Maize (QPM) by 
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introgressing o2 modifier genes into different maize genotypes. The resulting varieties 
contain the o2 mutants and have an elevated lysine content, but the opaque phenotype is 
completely masked (Bjarnason and Vasal, 1992; Gevers and Lake, 1992). 
In addition, by comparing transcript levels between wild-type and o2 lines of 
different genetic backgrounds we sought to better understand the network of 02-regulated 
gene expression. Recently published studies have demonstrated how maize cDNA 
microarrays can provide a powerful tool for maize gene discovery (Wang et al., 2003; Yu 
and Setter, 2003). Affymetrix gene chips have been used for understanding the pattern of 
expression in normal and o2 mutant in a single genetic background (Hunter et al., 2002). 
We reasoned that analysis of different genetic backgrounds would allow us to differentiate 
between changes that are specific to a certain genetic background and those that occur in 
several genetic backgrounds and can be considered as general o2 effects. In this paper, we 
analyzed endosperm tissue from eight inbred lines and their o2 backcross conversions and 
confirmed several o2 mediated phenotypes are correlated in these genetic backgrounds. We 
sought to determine the extent of genome-wide gene transcript level changes that are 
consistently maintained in the o2 mutant lines in several genetic backgrounds using the 
maize Unigene cDNA microarray containing more than 8000 cDNA from Maize Gene 
Discovery Project. In addition, we identified differentially expressed genes containing 
promoter motifs suggesting that they may be involved in the network of 02-regulated gene 
expression. 
Materials and Methods 
Plant Materials 
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Eight pairs of o2 inbred lines of A619, B14A, B45, B46, B57, B66, B73, and M14 
maize were developed by Dr. Peter Loesch (Iowa State University) and were maintained at 
Iowa State University. Plants were grown in the field during the summer of 2002 at 
Agronomy Farm of Iowa State University (Boone, Iowa). Paired inbred lines were grown in 
adjacent rows and self-pollinated by hand. At noon fourteen days after pollination (DAP), 
plants were randomly selected and endosperm tissue was dissected from the ear, frozen in 
liquid nitrogen, and stored at -80°C. 
Analysis of Amino Acid Composition 
About lOOmg of ground mature kernels from each of the eight pairs of inbred lines of 
wild-type and opaque 2 mutant were submitted to the Experiment Station Chemical 
Laboratories (University of Missouri-Columbia) for complete amino acid analysis using a 
Beckman Model 6300 Amino Acid Analyzer (AOAC-official Methods of Analysis, Method 
982.30E, Chp. 45.3.05, 1995). 
Kernel Density Analysis 
Five mature kernels were collected from each of the eight pairs of inbred lines of 
wild-type and opaque 2 mutant and their density was determined using a 35 c"3 container in a 
gas Pycnometer (Model AccuPyc 1330) (Chang, 1988). 
Analysis of Zein Levels 
Endosperm fractions were extracted with 70% (v/v) ethanol, 5% (v/v) 2-
mercaptoethanol, and 0.5% sodium acetate in 1.5 ml polypropylene tubes by shaking 2 h at 
room temperature. Alcohol-extracted proteins were diluted 1:4 with above extraction buffer 
and separated on a RP-C18 column. Chromatography employed mixtures of solvents A 
[99.9% (v/v) acetonitrile+0.1 % (v/v) trifluoroacetic acid] and B [99.9% F^O+O.l% (v/v) 
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trifluoroacetic acid] (Paulis et al., 1991; Wilson, 1991). lOOul samples were injected into 
Biocad HPLC system. The UV absorbance of the column effluent was monitored at 210 nm. 
Isolation of mRNA and Preparation of Labeled Targets 
For microarray expression profiling, mRNA was extracted from frozen immature 
endosperm tissue with the PolyATract System 1000 mRNA isolation kit (Promega, Madison, 
WI) according to the manufacturer's instructions. The mRNA was directly labeled with Cy3-
or Cy5-dUTP using reverse transcription (Amersham-Pharmacia). The composition of each 
reaction (25ul) was: 4|ig mRNA, 2\i\ dNTP Mix (10 mM ea. dA, dC, dG, 2 mM dT), 2(j,l 
Cy3 or Cy5 dUTP (ImM), 2ul primer oligo dTzs (0.5 p.g/p.1). The mixture was incubated at 
65°C for 10min, and then transferred to ice. Finally, 8jal 5X RT Buffer, 4 p.1 0.1M DTT, 2jlx1 
Superscript II (Invitrogen), and 1 jo.1 RNase inhibitor (lU/ul) were added. This mixture was 
incubated at 42 °C for 90min. Superscript II and mRNA were destroyed by adding 5 p.1 
EDTA (0.5M) and 10 ^1 NaOH (1M) and incubating at 65 °C for 10min. Then, the reaction 
was neutralized by adding 10 jj.1 HC1 (1M). The unincorporated fluorescent nucleotides (Cy3 
or Cy5 dUTP) were removed by ultra- filtration using Microcon-YM3 devices (Millipore). 
The filters were washed with 400 |xl TE and spun at 12,000 g for 20 min for 4 times. The 
purified cDNA was eluted with 20 |il TE. The quality of labeled 1st strand cDNA was 
evaluated by running 1 jj.1 on a 1% agarose gel which was scanned using a Typhoon 
fluorescence scanner (Amersham-Pharmacia). 
Microarray Hybridization 
A triplicate dye-swap design was used for the microarray experiment. For each single 
dye-swap experiment, two slides were used. Three pairs of wild type and o2 mutant were 
randomly selected. Within each pair, the mRNA of pooled opaque 2 mutant endosperms 
from one ear was labeled with Cy3, whereas the mRNA of pooled wild type endosperms 
from the other ear was labeled with Cy5. The two labeled targets were mixed together and 
hybridized to one slide. A second labeling of each batch of mRNA was carried out with the 
dyes swapped relative to the first labeling. mRNA from three pair of ears from different 
plants was labeled separately to give a total of six hybridizations for each comparison. 
Slides of the maize Unigene microarray were obtained from the microarray 
laboratory of the Maize Gene Discovery project as described by (Fernandes et al., 2002). 
Labeled cDNA was hybridized to these slides according to the protocol recommended 
(http://www.maizegdb.org/documentation/mgdp/microarray/protocols.php). Briefly, prior to 
hybridization, slides were rehydrated by placing them (face down) over a 42 °C water bath 
for 5-10 seconds, then dried briefly on a 65 °C heating block for 3-10 seconds until the 
humidity is gone. The DNA was UV-cross-linked at 65 mJ of 254 nm UV light with a 
Stratalinker (Stratagene). The slides were immersed in 1% SDS (5 min) to remove unbound 
nucleic acids and in 95 °C water (2 min) to denature the DNA, then dried with a stream of 
N2. For a single slide, 50 \i\ of hybridization solution was prepared by mixing 3 gl liquid 
block (Amersham), 5 pi 20X SSC, 2 ^12% SDS, 20 jul Cy3-labeled probe, and 20 jul Cy5-
labeled probe. The mixture was denatured at 95 °C for 2min, transferred to ice, then 
centrifuged briefly in a microcentrifuge. The mixture then was placed on the slide and 
covered with a cover slip (Sigma Hybrislips Z36). The slide was placed in a microarray 
hybridization chamber (Arraylt Hybridization Cassette; Telechem International). 
Hybridization was performed in a water bath at 65 °C for 8-9 hr. After the hybridization, the 
slide was washed for in 2X SSC, 0.5%SDS 55 °C, 5 min, 0.5X SSC room temp, 5min, and 
0.05X SSC room temp, 5min. Then it was dried with a stream ofN% as before. 
The slide was scanned using a laser scanner (ScanArray 5000, GSI Lumonics, 
Parkard, Meridan, CT) for both channel 1 (Cy3) and 2 (Cy5) at lO-gm resolution. The 
channel 1 and channel 2 images were analyzed using ImaGene 4.1 software (BioDiscovery, 
Marina Del Rey, CA) to obtain average signal and background intensities for each spot. The 
microarray images and expression data in this study can be found at 
http://scottlab5.agron.iastate.edu. 
Microarray Data Analysis 
The raw data containing average signal and background for each spot from six slides 
were integrated into one data file using Microsoft Excel (Microsoft, Redmond, WA). The 
background of each spot was subtracted first, and then the background-subtracted signal 
intensity of duplicate spots within each slide was averaged. Many of the sequences on the 
array are not expressed in endosperm tissue. With our hybridization and scanning conditions, 
we consider genes with an intensity mean after background-subtraction over 20 units as 
being expressed. Therefore, data for analysis were obtained by filtering the average 
background-subtracted signal intensity to remove spots with a value of less than 20 units. 
The filtered data was normalized using LOWESS normalization to remove the dye bias 
(Yang et al., 2002). A mixed linear model was used to judge if a gene was differentially 
expressed (Wolfinger et al., 2001), however, unlike this model, we assume constant variance 
among samples. To increase the validity of this assumption, before applying the model, 
Variance Stabilizing Normalization (VSN) was used to make the variance more constant 
(Ruber et al., 2002). The following linear mixed model was applied to each gene: 
Yijki=u+Ri+Tj+(RT)ij+A(R)ik+Di+(DT)ij+ejjki 
i=l,2,3; j=l,2; k=l,2; 1=1,2 
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where Y is the LOWESS and VSN normalized measurement; u is overall mean; R is 
the replication effect; T is the treatment effect (wild-type vs o2 mutant); D is the dye effect; 
e is error; RT is interaction between the replicate and treatment effects; A(R) is the array 
effect nested in the replication effect; DT is the interaction of the dye and treatment effects; 
R, RT, A(R), and e are independent random effects and assumed to be normally distributed 
with means zero and variances a\, a\T, <j2a(r) , cr], respectively. The ^-statistic of interest 
Y —Y — — is T = , -1" ,2" , where Y, - Y1 denote the difference of the average normalized 
signal intensity between treatments (wild-type vs o2 mutant), 
Vâr(Yx - Y2 )=—^ ^ , and g is the number of genes contained in the data 
set. T is approximately normally distributed and the p-value for each gene was calculated 
based on it. The False Discovery Rate (FDR) method was used to control the multiple testing 
(Mosig et al., 2001). 
RT-PCR 
0.5 ug DNase-treated polyA mRNA from 14DAP endosperm of wild type and mutant 
was used for 1st strand cDNA synthesis. Each reaction (40 ul) containing 2 jul dNTP Mix (10 
mM ea. dA, dC, dG, dT), 2 ul primer oligo dT (0.5 jig/(xl, Invitrogen), 8 (il 5X RT Buffer, 4 
p.1 0.1M DTT, 2 ul Superscript II (Invitrogen), and 1 p.1 RNase inhibitor (lU/ul) was 
incubated at 42 °C for 90min. PGR reactions were done with gene specific primers for 18s 
rRNA (forward primer AGTTTGAGGCAATAACAGGTCT, reverse primer 
GATGAAATTTCCCAAGATTACC), Opaque2 (forward primer 
AAGATCAACGACGCTAACGTC, reverse primer GACGACGGCACTGATGAG), 
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PFti/z'/(forward primer TATCATCTCCTCCCACCCG, reverse primer 
ACGC AAC AC AC AAC AC AT CC), AI745822 (forward primer 
GAAGAGAACTCCCAATACGGC, reverse primer CGATTCTGCTCACCAAACG), 
AI677412 (forward primer TTCTGCTGTGGTTGTTCGC, reverse primer 
AGGAAAGGGAAAGGGTGC), AW076489 (forward primer 
CTACCCACTACCCAGCATTTG, reverse primer ACGAACGGGATTAGCGG). PCR was 
performed using JumpStart RedTaq Ready Mix (Sigma) according to manufacturer's 
protocol (Wali7: 94°C 30s, 55°C 30s, and 72 °C 1 min with 25 cycles; Others: 94°C 30s, 
55°C 30s, and 72 °C 1 min with 30 cycles). Amplified products were separated on 4% 
Metaphor agarose gels (Bio-Whittaker Molecular Application) in TBE buffer. 
Genomic Sequence Analysis 
The cDNA contigs of candidate genes identified by microarray analysis were 
obtained from http://www.maizegdb.org/documentation/nigdp/microarrav/index.php. The 
ORFs of these contigs were first analyzed to determine the orientation of the sequences. The 
cDNA contigs' sequences were blasted against the ISU MAGIs 3.1 Contigs of maize genome 
assemblies downloaded from http://maize.ece.iastate.edu/download.html. One kb of 
upstream sequences of hits was searched for putative P-box and 02 binding motifs. Three 
sequences of binding sites were used. P-box: TG T/C AAAG; 02 binding site 1 : CC ACGT 
C/A G/C; 02 binding site 2: G/T C/T/A C A T/C G/A/C TCAT C. 
Results 
Amino Acid Composition and Kernel Density Analysis 
The recessive opaque2 (o2) mutation of maize not only gives an opaque character to 
the usually translucent mature kernel but also has many pleiotropic effects, such as reduction 
of kernel hardness and density and increase of Lys content. It has been shown that the 
degree of increase in Lys content in o2 mutants is dependent on the genetic background 
(Wang and Larkins, 2001). In order to determine the effects of the different genetic 
backgrounds used in this study on the expression of o2 phenotypes, we characterized each 
line in our study for several phenotypes known to be affected by o2. The first phenotype 
examined was Lys content. Each of the eight mutants has higher Lys content than their wild-
type counterparts (Fig 1). Among the eight opaque2 mutants, B46o2 has the highest Lys 
content, while M14o2 has lowest Lys content. In B46o2, the Lys content was more than 
twice the amount in the wild-type B46, whereas M14o2 had less than a 25% increase 
compared to wild-type M14. 
The second trait examined is kernel density. Our results showed that kernel density in 
wild-type inbreds was significantly higher than in their o2 mutant counterparts (Fig 2). 
These results support the idea that the phenotypes resulting from the o2 mutation are 
expressed with different severities in different genetic backgrounds. An examination of the 
correlation between lysine content and kernel density indicates that these traits are highly 
negatively (r=-0.85) correlated as well (Fig 3). 
HPLC Analysis of Zein content 
HPLC analysis of alcohol extractable proteins can be used to quantify individual zein 
polypeptides (Frame et al., 1994). While other methods result in more efficient extraction of 
some zeins (Wallace et al., 1990), HPLC analysis of alcohol soluble proteins is an accurate 
method for comparative analysis of zein levels. The HPLC examination of the alcohol-
extractable proteins from in the wild-type and o2 mutant versions of B46 and M14 revealed 
that the reduction of zein levels is genetic background-dependant with the severity of the 
reduction in zein levels being much greater in the B46 lines than in the Ml4 lines. In B46o2, 
all the zein protein levels are decreased dramatically. In the chromatogram of this mutant, 
the only peaks that are visible are 7-zein peaks and these are much lower than wild type (Fig 
4 A). The expression of other zeins was reduced so dramatically that none of them can be 
detected by HPLC. In contrast, in M14o2, some a-zein levels are reduced significantly, but 
some are not (Fig 4 B). The 27kD 7-zein does not show a major difference in abundance 
between wild type and o2. Interestingly, the level of 16kD 7-zein is higher in M14o2 than 
wild type, which is in agreement with previously reported in W64A genetic background 
(Kodrzycki et al., 1989; Muller and Knudsen, 1993). These results are summarized in Figure 
5. The different levels of reduction of a-zeins are consistent with the Lys contents of these 
lines. The high Lys content in o2 kernels is due to the dramatic reduction of a-zein levels, 
which are low in Lys and account for >70% zein proteins. Zein proteins contribute 50-60% 
amino acids to maize seed. The reduction of a-zeins is associated with an increase in several 
non-zein proteins such as elongation factor 1 a (eEFIA), whose accumulation is highly 
correlated with Lys content (Damerval and de Vienne, 1993; Habben et al., 1993; Habben et 
al., 1995). Our HPLC results indicate that extent of reduction of a-zein levels in the o2 line 
compared to the wild-type line is much greater in B46o2 than in M14o2 mutant. Thus, the 
extent of reduction in zein levels follows the same pattern as increase in lysine levels and 
decrease in kernel density, being more severe in B46 and less severe in M14. 
Comparative Transcriptional Profiling 
The large influence of the genetic background on the o2 phenotype complicates the 
identification of gene expression changes caused by o2. We sought to minimize the effects 
of individual genetic backgrounds by averaging the effects of the genetic background over 
eight inbred lines. We did this by analyzing transcript level differences caused by o2 using 
cDNA pooled from eight wild-type inbred lines and their o2 counterparts to probe the maize 
Unigene cDNA chip. In addition, in order to expand our understanding of the phenotypic 
variation observed in different genetic backgrounds, the inbred pairs with the largest 
phenotypic effects, B46 and B46o2 and the smallest phenotypic effects, M14 and M14o2 
were also investigated by microarray analysis. Using a cutoff p-value of less than 0.0005, In 
the B46 genetic background, 303 genes were identified as being differentially expressed 
between wild-type and o2 and 51 of them were up-regulated in the B46o2 mutant; In the 
pool of 8 wild-type and o2 inbred pairs 202 genes were differentially expressed between 
wild-type and o2 and 33 of them were up-regulated in the pooled o2 mutants; In the Ml 4 
genetic background 151 genes were identified as differentially expressed between wild-type 
and o2 and 16 of them were up-regulated in the M14o2 mutant. The FDR (False Discovery 
Rate) of the three experiments is 0.7%, 0.8%, and 1.3%, respectively. More than 80% of the 
differentially expressed genes were down-regulated in o2 mutants, including the zein gene 
families. Several other genes known genes affected by o2 mutation, such as the b32 gene 
(Bass et al., 1992) and pyruvate orthophosphate dikinase (Maddaloni et al., 1996) were 
detected in all three analyses (Fig 6). The cytosolic glyceroldehyde-3-phosphate 
dehydrogenase which is known to be up-regulated in o2 mutants (Motto et al., 2003) was 
identified as differentially expressed in B46o2 and Pooled o2, but not in M14o2. This 
corroborates the reliability of the gene lists from our microarray analysis. It is noteworthy 
that the opaque2 gene was only identified as differentially expressed in B46o2, not in Pooled 
o2 and M14o2. 
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107 genes are differentially expressed all three comparisons made, and 55% of these 
have unknown functions (Table 1). 122, 25 and 34 genes are specifically differentially 
expressed in B46o2, Pooledo2, and M14o2, respectively (Fig 7). Among the 107 common 
affected genes, only two are up-regulated. 15 zein genes belonging to the a-zein family were 
detected as down-regulated in o2 mutant, which is in agreement with the HPLC results. Two 
genes known to be down-regulated in o2 endosperm, b32 and pyruvate orthophosphate 
dikinase, are also included in the common gene list. 
Given that several aspects of the o2 phenotype exhibit a correlated range of severity 
in these inbred lines, we set out to determine if levels of specific transcripts exhibited a 
similar pattern of regulation (i.e. most extreme in B4 6o2, least extreme in M14o2). The 
expression ratios of 15 a-zein genes in the common gene list are much higher in B46o2 than 
in M14o2. The expression of 12 a-zein genes in B46o2 was decreased more than eightfold 
relative to the wild type, whereas 11 a-zein genes' expression was less than threefold 
different in M14 (Table 1). Thus, the pattern of zein transcript levels agrees with the results 
of the analysis of protein level and Lys content. In addition, the 16kD and 27kD 7-zein genes 
and two additional 19kD and 22kD a-zein genes were identified as differentially expressed 
in B46o2, but not in M14o2. This is consistent with the HPLC result. 
We compared the distribution of expression ratios for the genes differentially 
expressed at least in one set of the three paired inbred lines (Fig 8). The ratios of transcript 
levels between wild type and o2 have greater magnitude in B46 than either in Pooledo2 or in 
M14o2. The ratios of transcript levels between wild type and o2 are similar in Pooled and 
M14 comparisons. The number of differentially expressed genes in B46o2 is twice as that in 
M14o2 also confirms the dependency of o2 effects on its genetic background. We also 
compared the ratio of expression of genes identified in both B46 and M14 comparisons. 93% 
genes exhibit a larger expression difference in B46 than in M14 and the direction (up- or 
down-regulated) is the same for all the genes (Fig 9). This suggests that for most genes, o2 
mutation has a similar impact on gene expression, but the extent of this impact is modulated 
by the genetic background. As a result of this genetic background-dependent effect, gene 
expression is increased or decreased to different degrees at a genome-wide level, which leads 
to different severities of pleiotropic effects, and high correlations among the severities of 
different phenotypes. 
RT-PCR Analysis 
To characterize the o2 allele in the B46 and Ml4 inbred lines and to confirm the 
microarray quantification, the o2 gene and four ESTs were randomly selected from the 
candidate gene list for RT-PCR analysis. 18s rRNA was used as an internal control. From our 
microarray results, all the ESTs selected for RT-PCR quantification are differentially 
expressed in both B46 and M14, except for the opaque! gene and AW076489, which are 
only identified as differentially expressed in B46. No band was observed in RT-PCR 
analysis of the o2 gene in both B46o2 and M14o2. The observation of a strong band in B46 
wild type, but a weak band in M14 wild type reveals the extent of differential expression 
between wild type and o2 mutant in B46 and M14 inbred lines is varied (Fig 10). The RT-
PCR results confirm the microarray analysis for the selected ESTs except for AI677412. RT-
PCR analysis of the difference in AI677412 expression between M14 wild-type and o2 does 
not show significant differences like those observed in the hybridization study. 
Analysis of Candidates Gene Promoters 
With the maize genome assembly developed recently, we search the promoter 
regions of the genes identified as differentially expressed at least once in B46, Pooled, or 
M14. Two 02 binding sequences (CCACGT C/A G/C and G/T C/T/A CA T/C G/A/C 
TCATC) and a PBF (TG T/C AAAG) binding sequence were used as queries. In addition to 
the zein genes, b32, and pyruvate orthophosphate dikinase gene, four genes were found to 
have the potential 02 binding sites which are all located within 500bp upstream of the 
transcription start site (Table 2). Three of the genes containing putative 02 binding sites are 
from the common gene list. One gene differentially expressed in both the B46 and Pooled 
hybridizations was identified to have the potential P-box binding site. 
Discussion 
It has been shown that the phenotypic effects of the o2 mutation are background-
dependent (Schmidt, 1993; Wang and Larkins, 2001). In profiles comparing transcripts from 
mutant and wild-type endosperm, there may be some differences that are unique to a 
particular genetic background, while some differences may occur in all genetic backgrounds. 
We call differences that occur in all genetic backgrounds the main effects of the mutation. 
One way to understand the 02 main effects is to analyze the genome scale expression pattern 
of many wild-type and o2 pairs of inbred lines individually, then average the expression 
level of each transcript to determine the main 02 effects. However, this design is expensive 
and labor intensive. An alternative way is to average out the background-dependent 02 
effect by pooling mRNA from paired o2 inbred lines for microarray analysis. We chose the 
later design and complement it with analysis of two additional pairs of inbred lines which 
have the most and least extreme phenotypic effects. One is B46, having highest difference 
between wild type and o2 for Lys content and kernel density of the eight pairs of lines we 
examined. The other is M14 with the lowest difference between wild type and o2 for Lys 
content and kernel density in the eight pairs of lines we examined. 
The microarray analysis of pooled inbred lines identified 202 genes with differential 
expression between wild type and o2 mutant. Because effects specific to the individual 
genetic backgrounds are averaged over the eight pooled inbred lines, these genes fit our 
definition of main effect genes. More than half of the affected genes' functions are unknown. 
There are 189 genes detected as differentially expressed in B46o2, but not in M14o2. 75% of 
the identified genes in M14o2 are a subset of those that are differentially expressed in B46o2 
and they are all changed in the same direction (up- or down-regulated). Among this subset, 
89% of affected genes in B46o2 have higher ratios of expression than those in M14o2, 
especially the a-zein genes whose ratios of expression in B46 range from twofold to 15-fold 
higher than their counterparts in M14. These differences are another illustration the genetic 
background determining the severity the mutant phenotypes. Considering that expression of 
the o2 gene in Ml4 wild-type is lower than in B46 wild-type, the level of o2 transcript may 
correlate with the degree of phenotypic severity, though the phenotypic effects are similar in 
both B46 wild-type and M14 wild-type. In the o2 mutant lines, the o2 is a null mutation in 
both two genetic backgrounds, therefore, the reduction in o2 transcript is greater in B46 than 
in M14, correlating with the phenotypic severities in these two genetic backgrounds. Thus it 
may be that B46 requires higher levels of o2 to maintain a wild-type phenotype than M14. 
It is interesting to note that the eEFIA, a protein known to be increased in o2 mutants 
(Cameiro et al., 1999; Newton et al., 1999) was not identified in any of the three 
comparisons. A possible explanation for this is that the degree of differential expression is 
not high enough to be detected. With the assumption of constant variance for all genes, only 
those genes with high differences in transcript levels can be identified. For the small 
number of differentially expressed genes with small variances, we need to use a different 
strategy such as an assumption of distinct variance for each gene. Certainly, the large biases 
from different sources in microarray experiments make it hard to identify those genes with a 
small degree of differential expression. The 15kD j3-zein was also not detected, simply 
because it's not printed on the maize Unigene microarray. 
Transcription and Translation Factors 
02 is a bZIP transcriptional activator, which can interact with PBF, a zinc-finger 
protein. It is possible that the o2 effects are mediated through interactions between 02 and 
other transcription factors. One Ring zinc-finger protein was identified as down-regulated in 
o2 mutants. In B46o2, its expression was reduced almost six-fold relative to wild type. The 
expression of other factors involved in transcription is also highly reduced in the o2 mutant, 
including a nucleic acid binding protein, a splicing factor, and a poly-A binding protein. 
Their reduction ranges from 7 fold to 13 fold in B46o2. Some genes involved in the 
translation machinery are also greatly reduced in o2 mutant. A protein synthesis initiation 
factor is reduced more than 20 fold. This suggests 02 not only acts as a transcription 
activator, but may play a key role in regulating translation. 
Hormonal Responses 
Two hormone induced genes, an auxin-induced protein and an abscisic acid-induced 
protein, were identified as differentially expressed in all three inbred lines. This indicates 
that the reduction of their expression is not a genetic background-specific effect. It has been 
shown 22kD a-zein and b-32 synthesis can be induced by abscisic acid. It has been reported 
that the IAA concentration abruptly increased from 9-11DAP during the maize endosperm 
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development (Millier et al., 1997). The expression of o2 gene starts from about 11 DAP 
(Gallusei et al., 1994). An increase in auxin can induce expression of particular zein genes. 
These results suggest that 02 is somehow tied to hormonal regulation, which confirms its 
broad effect. 
Genes Directly Regulated by 02 
The 365 genes identified as differentially expressed in at least in one of the three 
comparisons were selected for promoter analysis. Due to the lack of complete sequence 
information for some ESTs, we did not search their promoter regions of about 30% of these 
genes. Because the maize genome sequence is relatively incomplete, some genes with 
potential 02 binding sites might be missed. Besides the zein genes, b32, and pyruvate 
orthophosphate dikinase gene which are known to have the 02 binding sites, four genes 
were found to possess potential 02 and PBF binding sites in their promoter region. This 
suggests these genes might be directly regulated by 02. It will be interesting to further 
investigate these genes. 
In summary, we have confirmed that the pleitropic effects of the o2 mutation depend 
on its genetic background. Genome-wide transcription profiling can be successfully used to 
identify the background-dependent effects. Our results provide a guideline for later work 
toward understanding 02 main effect. Using the gene lists presented in this study, reverse 
genetic experiments could be used to test these potential affected genes' function. The 
challenge of future work will be to understand the function for more than 50% unknown 
transcripts in the gene lists. With the completion of those unknown ESTs sequences and 
progress in the maize genome project, it will be possible to identify more genes containing 
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promoter motifs for 02 and other transcription factors' binding. These bioinformatics tools 
will provide us a new insight into the network regulation by 02 protein. 
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Tables and Figures 
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Fig 1 Degree of increase of Lys content in o2 mutant depends on its genetic background. The 
difference of Lys content between B45 wild type and B45o2 mutant is the highest, whereas 
the difference of Lys content between M14 wild type and M14o2 mutant is the lowest. 
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Fig 2 Kernel density of o2 mutant is reduced compared to wild-type and dependent on its 
background. The difference of kernel density between B45 wild type and B45o2 mutant is 
the highest, whereas the difference of kernel density between M14 wild type and M14o2 
mutant is the lowest. 
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Fig 3 Negative correlation between difference of Lys content and difference of kernel 
density from eight pairs of wild-type and o2 genetic lines 
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Fig 4 HPLC chromatograms of alcohol-extractable zein proteins from 14 DAP wild type and 
o2 mutant endosperm. The straight line shows the peaks of alpha zeins. The arrows show 
other zein proteins. A: Comparison of HPLC chromatograms of B46 wild type and B46o2 
mutant. The protein levels of all four zein families are reduced significantly in B46o2 
mutant. B: Comparison of HPLC chromatograms of M14 wild type and M14o2 mutant. The 
beta zein and some of the alpha zeins protein levels are reduced significantly, while the 
gamma zein levels are increased in M14o2 mutant. 
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Fig 5 Comparison of the reduction of zein levels in B46o2 and M14o2. 
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Fig 6 MA plots of LOWESS and VSN normalized data. Red line is a LOWESS curve. Zein 
gene is represented with a green spot. Opaque! gene is represented with a blue spot. B32 
gene is represented with a yellow spot. Pyruvate,orthophosphate dikinase gene is represented 
with a turquoise spot. Cytosolic glyceroldehyde-3 -phosphate dehydregenase is represented 
with a violet spot. Other identified differentially expressed genes are represented with red 
spots. A: MA plot of B46. B: MA plot of Pooled. C: MA plot of M14. 
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Fig 7 Venn diagram of gene numbers identified in the three microarray analyses. Left circle 
is the gene number identified in the comparison of the B46 genetic line. Right circle is the 
gene number identified in the comparison of the pooled eight genetic lines. Bottom circle is 
the gene number identified in the comparison of Ml 4 genetic line. 
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B46 Pooled M14 
Fig 8 Comparison of expression ratios of differentially expressed genes at least in one set of 
the three paired inbred lines: B46, Pooled, and M14. The red box represents the middle 50% 
of the data. The upper bar represents the maximum value, the lower bar represents the 
minimum value, and the middle bar represents the median. The circle represents the outlier. 
The extent of differential expression is higher in B46 than either in Pooled or M14. 
59 
o 
o 
<*> 
% coccyx* 
XKcoscocccccc, 
«CCR-
I 
20 
—r~ 
40 0 60 
Gene 
80 100 
Fig 9 Genes differentially expressed in B46 comparison tend to be more highly differentially 
expressed than those in M14 comparison. 93% genes have higher differential expression in 
B46 than in M14. 
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Table 1 Genes identified as differentially expressed in B46, Pooled, and M14 wild-type and 
o2 pairs. 
B46P- Pooled M14P- B46 Pooled M14 
Accession# Annotation value P-value value ratio ratio ratio 
Down-regulated 
Seed Storage Protein 
AI759051 19 kDa zein 0.00E+00 1.10E-08 5.45E-12 7.75 2.17 3.15 
AI740026 19 kDa zein 0.00E+00 9.24E-09 1.38E-05 8.84 2.18 2.06 
AI740035 19 kDa zein protein 0.00E+00 2.06E-07 2.45E-05 7.29 2.03 2.02 
AI665090 19 kDa zein protein O.OOE+OO 2.95E-04 1.59E-04 8.65 1.64 1.88 
AI759065 19 kDa zein protein 0.00E+00 4.63E-12 3.84E-06 17.18 2.56 2.16 
AI674016 19 kDa zein protein 0.00E+00 8.67E-09 2.46E-05 18.42 2.19 2.02 
AI795292 19kD alpha zein B2 0.00E+00 1.03E-12 1.21E-10 9.03 2.63 2.92 
AI745939 19kD alpha zein B3 0.00E+00 2.89E-06 3.01 E-04 3.97 1.89 1.83 
Al665056 19kD alpha zein B3 0.00E+00 7.99E-13 1.10E-06 15.38 2.65 2.25 
Al820218 19kD alpha zein B3 0.00E+00 2.90E-09 3.44E-04 26.14 2.24 1.82 
AI820351 19kD alpha zein B3 0.00E+00 2.62E-08 5.08E-05 29.02 2.13 1.96 
Al676865 19kD alpha zein 01 0.00E+00 1.66E-07 3.48E-04 12.79 2.04 1.81 
Al665097 22kD zein 0.00E+00 8.20E-11 O.OOE+OO 11.03 2.42 4.32 
Al677000 22kD zein 0.00E+00 O.OOE+OO O.OOE+OO 16.65 4.95 8.01 
AI740019 22-kDa alpha zein 10 0.00E+00 O.OOE+OO O.OOE+OO 7.52 3.48 4.85 
Al665066 putative seed storage protein 7.11E-15 1.79E-10 1.16E-04 3.34 2.38 1.90 
Transcription/Translation 
Al676863 RING zinc finger protein-like 0.00E+00 6.13E-11 2.23E-05 5.75 2.43 2.03 
AI833599 poly(A)-binding protein 0.00E+00 1.742-09 2.55E-05 9.35 2.27 2.02 
AI667799 nucleic acid binding protein 0.00E+00 8.46E-09 1.34E-05 7.66 2.19 2.07 
Al668341 splicing factor, putative 0.00E+00 3.50E-09 1.19E-05 12.85 2.23 2.07 
AI833652 histone H3-like protein 0.00E+00 1.44E-07 1.96E-04 6.70 2.04 1.86 
26S proteasome regulatory 
AI737672 partie... 0.00E+00 2.78E-13 5.83E-09 5.82 2.70 2.64 
AI668431 60S ribosomal protein L17 1.27E-14 4.32E-08 4.49E-08 3.30 2.10 2.49 
protein synthesis initiation 
AI737088 factor 0.00E+00 1.58E-13 5.57E-08 20.37 2.73 2.47 
AI665398 ribosome-inactivating protein 1.03E-12 O.OOE+OO O.OOE+OO 3.02 3.41 5.97 
Signal Transduction 
Al665086 protein kinase 0.00E+00 1.06E-13 2.28E-07 4.72 2.75 2.37 
AI668135 putative proteinase inhibitor 0.00E+00 O.OOE+OO O.OOE+OO 9.65 3.27 4.75 
Response 
Al668269 auxin-induced protein O.OOE+OO 4.10E-12 3.152-06 10.97 2.57 2.17 
Al812236 wali7 0.00E+00 3.65E-08 9.35E-05 5.51 2.11 1.92 
Al664974 ATFP3 o.ooe+oo 3.15E-12 4.35E-10 6.81 2.58 2.83 
Metabolism 
Al833889 beta 1,3-glucanase O.OOE+OO O.OOE+OO O.OOE+OO 4.49 3.19 4.44 
cytosolic aldehyde 
AI670361 dehydrogenase O.OOE+OO 1.24E-14 8.88E-16 4.93 2.85 3.81 
Al665062 hypothetical protein 1.84E-07 2.22E-11 9.16E-08 2.24 2.48 2.44 
AI677057 hydroxymethyltransferase O.OOE+OO 8.78E-12 1.28E-12 4.70 2.53 3.26 
Al668280 alpha-galactosidase 1.59E-12 1.77E-06 3.13E-06 2.99 1.91 2.17 
AI677412 putative alpha-glucosidase 1 9.17E-13 7.25E-10 3.08E-08 3.02 2.31 2.52 
Table 1. (Continued) 
Accession# Annotation 
B46P-
value 
Pooled 
P-value 
M14P-
value 
B46 
ratio 
Pooled 
ratio 
M14 
ratio 
AI737096 
Al673989 
Al666262 
putative arginine 
methyl transferase 
dihydroorotate 
dehydrogenase 
pyruvate,orthophosphate 
dikinase 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
1.20E-14 
1.05E-07 
1.47E-08 
6.58E-08 
2.91 E-05 
1.40E-05 
21.45 
7.55 
4.92 
2.85 
2.06 
2.16 
2.46 
2.01 
2.06 
AI668283 
Membrane/Cell Wall 
seven transmembrane 
protein Mlo2 0.00E+00 2.32E-10 O.OOE+OO 4.14 2.37 5.67 
Al665065 endo-xyloglucan transferase 
Transport 
3.11E-15 3.77E-15 1.69E-08 3.40 2.91 2.56 
AI833856 zinc transporter 
Unknown 
1.12E-10 5.68E-06 9.51 E-05 2.72 1.85 1.92 
AI746015 unknown 0.00E+00 1.27E-09 5.44E-05 7.95 2.28 1.96 
AI740142 unknown 4.09E-04 1.25E-12 9.48E-14 1.73 2.62 3.46 
AI833900 unknown 2.35E-04 1.96E-05 6.64E-06 1.77 1.79 2.12 
AI657417 unknown 3.08E-05 4.07E-04 3.67E-05 1.91 1.62 1.99 
AI833695 unknown 1.80E-10 1.40E-09 4.51 E-06 2.69 2.28 2.15 
AI739950 unknown 0.00E+00 1.81E-13 1.13E-12 3.85 2.72 3.27 
Al677186 unknown O.OOE+OO 1.66E-10 3.09E-11 3.95 2.38 3.02 
AI854933 unknown 0.00E+00 1.69E-07 4.73E-04 4.94 2.04 1.79 
AI668522 unknown 0.00E+00 4.70E-04 3.86E-05 5.52 1.61 1.99 
AI657396 unknown 0.00E+00 O.OOE+OO O.OOE+OO 6.51 3.87 5.93 
Al677050 unknown 0.00E+00 O.OOE+OO O.OOE+OO 8.21 3.94 5.03 
AI820221 unknown protein 1.71E-09 1.10E-05 1.14E-04 2.54 1.82 1.90 
Al676917 unknown protein 0.00E+00 3.81 E-07 3.88E-04 5.71 1.99 1.81 
Al667847 unknown protein 0.00E+00 3.40E-07 9.85E-05 7.43 2.00 1.91 
Al673846 3.21 E-04 1.40E-05 2.92E-04 1.75 1.80 1.83 
AI673919 2.86E-06 O.OOE+OO 2.29E-12 2.07 3.13 3.22 
AI833829 4.99E-08 2.13E-06 1.67E-07 2.33 1.90 2.39 
AI677082 2.00E-08 1.33E-08 3.48E-05 2.39 2.16 1.99 
AI833786 1.07E-09 4.44E-06 5.002-05 2.57 1.87 1.97 
AI737728 3.08E-11 6.66E-16 2.01 E-11 2.80 3.00 3.06 
AI665085 8.17E-12 1.73E-08 1.25E-07 2.88 2.15 2.41 
AI833805 2.36E-12 7.67 E-07 1.16E-06 2.96 1.96 2.25 
AI737682 7.95E-13 O.OOE+OO 7.19E-06 3.03 3.47 2.11 
AI670445 7.55E-13 3.32E-07 6.43E-08 3.04 2.00 2.46 
Al665015 2.65E-13 2.96E-08 3.30E-07 3.11 2.12 2.34 
AI737692 2.04E-13 5.74E-08 1.68E-04 3.12 2.09 1.87 
AI670416 1.31E-13 1.60E-06 2.56E-10 3.15 1.92 2.87 
AI674034 1.51E-14 7.84E-06 9.38E-08 3.29 1.84 2.43 
AI670508 2.00E-15 1.79E-13 1.24E-08 3.43 2.72 2.58 
AI677310 4.44E-16 5.73E-12 2.10E-12 3.51 2.55 3.23 
AI670215 2.22E-16 1.862-07 2.45E-05 3.55 2.03 2.02 
Al670420 O.OOE+OO 4.73E-12 8.83E-09 3.76 2.56 2.61 
AI665084 O.OOE+OO 1.96E-09 7.68E-07 3.87 2.26 2.28 
AI670546 O.OOE+OO 6.28E-07 7.52E-10 3.94 1.97 2.79 
Al677001 O.OOE+OO 2.61 E-13 3.24E-14 4.03 2.70 3.54 
Al745776 O.OOE+OO 2.30E-11 3.94E-10 4.03 2.48 2.84 
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Table 1. (Continued) 
B46P- Pooled M14P- B46 Pooled M14 
Accession# Annotation value P-value value ratio ratio ratio 
AI670496 O.OOE+OO 1.50E-11 1.17E-10 4.22 2.50 2.93 
AI670507 O.OOE+OO 1.29E-06 4.15E-09 4.38 1.93 2.66 
Al670401 0.00E+00 8.88E-16 6.43E-13 4.70 2.98 3.31 
AI670544 0.00E+00 4.17E-05 1.94E-11 4.70 1.75 3.06 
AI676850 O.OOE+OO 1.30E-11 4.90E-07 5.53 2.51 2.31 
AI746083 O.OOE+OO O.OOE+OO 1.94E-13 5.55 3.31 3.40 
Al670444 O.OOE+OO O.OOE+OO O.OOE+OO 5.84 4.53 5.18 
AI739959 O.OOE+OO 2.09E-14 7.44E-12 5.86 2.83 3.13 
Al665005 O.OOE+OO 8.19E-11 2.39E-08 5.95 2.42 2.53 
AI833884 O.OOE+OO O.OOE+OO O.OOE+OO 6.77 3.88 5.02 
AI670221 O.OOE+OO 5.33E-15 8.53E-11 7.08 2.89 2.95 
Al674021 O.OOE+OO 9.44E-06 2.12E-04 7.11 1.83 1.85 
AI833639 O.OOE+OO 4.54E-08 8.52E-05 7.54 2.10 1.92 
AI795460 O.OOE+OO 2.77E-11 4.65E-05 8.65 2.47 1.97 
AI746213 O.OOE+OO 8.68E-14 3.74E-12 8.73 2.76 3.18 
AI670412 O.OOE+OO O.OOE+OO 6.39E-05 9.30 5.56 1.95 
AI833375 O.OOE+OO 2.31E-10 9.18E-06 9.99 2.37 2.09 
AI670255 O.OOE+OO 1.99E-12 6.99E-14 11.18 2.60 3.48 
AI745822 O.OOE+OO 1.59E-11 4.13E-09 12.56 2.50 2.66 
AI665456 O.OOE+OO 1.29E-12 1.47E-06 12.59 2.62 2.23 
Al657389 O.OOE+OO O.OOE+OO O.OOE+OO 14.59 4.69 9.24 
AI670430 O.OOE+OO 5.84E-11 8.98E-09 19.43 2.43 2.61 
AI670305 O.OOE+OO 9.34E-10 4.35E-05 19.83 2.30 1.98 
AI833843 O.OOE+OO O.OOE+OO O.OOE+OO 21.10 4.54 7.63 
Al746082 O.OOE+OO 3.44E-10 1.57E-07 22.27 2.35 2.40 
AI670540 O.OOE+OO 1.31 E-05 1.37E-05 23.61 1.81 2.06 
AI670446 O.OOE+OO O.OOE+OO O.OOE+OO 26.64 4.82 5.59 
Up-regulated 
AI668223 5.81 E-09 3.61 E-12 O.OOE+OO 0.41 0.39 0.10 
AI670250 4.45E-05 2.13E-14 O.OOE+OO 0.53 0.35 0.16 
63 
Accession# B46 o2 M14 o2 
18srRNA 
Opaque2 
Wali7 
AW076489 
AI745822 
AI677412 — '.TTT3Ë 
Fig 10. RT-PCR confirmation of microarray results. 
Table 2 Potential target genes with P-box and 02 binding sites in their promoter 
Accession# Sequence Binding Annotation Detected 
AI833652 TCCACCTCATC 02 Histone H3 All 
AI820221 CCACGTCG 02 Wali Protein All 
AI812236 CCACGTCC 02 Unknown All 
AI737654 TGCAAAG PBF Unknown B46&Pooled 
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Chapter 3: Analysis of global transcript levels in a developmental 
series of opaque2 maize endosperm 
Hongwu Jia, Dan Nettleton, Lixia Diao, Paul Scott 
A paper to be submitted to Plant Cell 
Abstract 
To better understand the Opaque2 regulatory network in maize endosperm, temporal 
profiling of differences in endosperm transcript levels between the maize inbred lines B45 
and B45o2 was carried out with a maize Unigene cDNA microarray at four time points 
during endosperm development. 246 genes with significant genotype by time interactions 
were classified into five groups. Six zein genes belonging to three zein families were 
clustered into two groups. 15kD /3-zein and 22kD a-zein, both of them having the 02 
binding site, are in the same group. 938 genes with differential expression in at least one 
time point were clustered into 10 groups. Several of the differentially expressed genes 
identified are homologous to transcription factors. This is interesting because they could 
participate with 02 in a network of transcriptional regulation. One of them is a basic leucine 
zipper transcriptional factor which has homology to the 02-like protein family. Analysis of 
the promoter region of this basic leucine zipper gene indicates it has putative 02 binding 
sites and several other known cis-elements, suggesting it may be directly regulated by 02 
and involved in the regulation of endosperm-specific gene expression. Additionally, it is 
clustered into the same group as o2 gene, supporting that they could serve in the same 
pathway. Interestingly, two putative G-box binding protein transcripts were found to be up-
regulated in the o2 mutant. The expression of one of them has been shown to be dependent 
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on the genetic background using RT-PCR. These G-box binding proteins may act as a 
transcriptional repressor. 
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Introduction 
The opaque2 locus encodes a basic leucine zipper transcriptional activator that 
controls the expression of seed storage proteins such as the 19kD and 22kD a-zein, the 
15kD j3-zein genes (Di Fonso et al., 1986; Schmidt et al., 1992; Cord Neto et al., 1995), and 
an abundant albumin, the b-32 protein (Lohmer et al., 1991). Several cis-elements in these 
genes' promoters for 02 binding have been characterized. ATCCACGTAGA motif 
containing an ACGT core sequence in the promoters of the 22kD a-zein and the 15kD j8-zein 
genes as well as GACATGTC and CCACATCATC motifs in the promoter of the b32 gene 
have been shown to be bound by 02 (Lohmer et al., 1991; Ueda et al., 1992; Yunes et al., 
1994b). It has also been shown that 02 binds to the sequence GCCACCTCAT, a vicilin core 
sequence (Gatehouse et al., 1986; Vincentz et al., 1997), thus indicating that 02 has broad 
binding specificity. Moreover, 02 interacts with a zinc-finger protein PBF (Prolamin-box 
Binding Factor), which binds to a TGTAAAG motif present in 22kD zein gene promoters 
(Vicente-Carbajosa et al., 1997). 02 also forms heterodimers with a bZIP factor 0HP1 (Pysh 
et al., 1993). Many genes are known to be affected by the o2 mutation, such as genes 
involved in amino acid metabolism as well as various enzymes related to nitrogen and sugar 
metabolism (Lodha et al., 1974; Giroux et al., 1994; Yunes et al., 1994a). The variety of 
genes regulated by 02 and its interaction with different transcription factors suggests that it 
may be part of a transcriptional network that coordinates the expression of storage protein 
genes and other genes expressed in different metabolic pathways during endosperm 
development. 
The specific temporal and spatial expression patterns of seed storage proteins suggest 
they are controlled by combinatorial interactions between several transcriptional factors. 02 
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may play a key role in these regulatory assemblies. In recent years, proteome and 
transcriptome approaches have been used successfully to identify many genes whose 
expression is altered in of 02 endosperm (Damerval and Le Guilloux, 1998; Hunter et al., 
2002). This progress has led to a partial understanding of the mechanism by which these 
genes are regulated. Many of the essential cis-elements and corresponding transcription 
factors have not been identified. High-throughput microarray analysis and recent 
developments in the maize genome project make it possible to discover transcription factors 
involved in 02 mediated regulation and other genes regulated by 02. The combined analysis 
of genomic sequence and microarray data has been successfully applied to identify promoter 
motifs involved in the network of phytochrome A-regulated gene expression in Arabidopsis 
(Hudson and Quail, 2003). To better understand 02 regulatory network, a global expression 
pattern analysis was carried out on a pair of B45 and B45 o2 inbred lines at four different 
time points. In addition, we analyzed the promoter regions of differentially expressed genes. 
Our results identify transcription factors that may participate in the 02 regulatory network. 
Materials and Methods 
Plant Materials 
B45 opaque 2 was developed by Dr. Peter Loesch using back-cross breeding (Iowa 
State University) The extent of the recovery of the recurrent parent phenotype was evaluated 
by phenotypic analysis (Scott, 2001). Plants used in this study were grown in the field 
during the summer of 2002 at Agronomy Farm of Iowa State University (Boone, Iowa). B45 
and B45 o2 inbred lines were grown in adjacent rows and self-pollinated by hand. Six pairs 
of wild type and o2 mutant plants were randomly selected. At noon on 11,14,18, and 25 
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days after pollination (DAP), endosperm tissue was dissected from the ear, frozen in liquid 
nitrogen, and stored at -80°C. 
Analysis of Amino Acid Composition 
About lOOmg of ground mature kernels from both B45 and B45o2 were submitted to 
the Experiment Station Chemical Laboratories (University of Missouri-Columbia) for 
complete amino acid analysis using a Beckman Model 6300 Amino Acid Analyzer (AOAC-
official Methods of Analysis, Method 982.30E, Chp. 45.3.05, 1995). 
HPLC 
Immature endosperm fractions were extracted with 70% (v/v) ethanol, 5% (v/v) 2-
mercaptoethanol, and 0.5% sodium acetate in 1.5 ml polypropylene tubes by shaking 2 h at 
room temperature. Alcohol-extracted proteins were separated on a RP-C18 column. 
Chromatography employed a gradient from solvents A [99.9% (v/v) acetonitrile+0.1 % (v/v) 
trifluoroacetic acid] to B [99.9% H20+0.1% (v/v) trifluoroacetic acid]. lOul samples were 
injected into a Waters HPLC system. The UV absorbance of the column effluent was 
monitored at 210 nm (Paulis et al., 1991; Wilson, 1991; Dombrink-Kurtzman, 1994). 
Isolation of mRNA and Preparation of Labeled Targets 
For microarray expression profiling, mRNA was extracted from frozen immature 
endosperm tissue with the PolyATract System 1000 mRNA isolation kit (Promega, Madison, 
WI) according to the manufacturer's instructions. The mRNA was directly labeled with Cy3-
or Cy5-dUTP using reverse transcription (Amersham-Pharmacia). The composition of each 
reaction (25ul) was: 4\ig mRNA, 2(0.1 dNTP Mix (10 mM ea. dA, dC, dG, 2 mM dT), 2pl 
Cy3 or Cy5 dUTP (ImM), 2ul oligo dTig (0.5 (ag/jxl, Life Technologies). The mixture was 
incubated at 65°C for 10min, and then transferred to ice. Finally, 8^1 5X RT Buffer, 4 (xl 
0.1M DTT, 2\i\ Superscript II (Invitrogen), and l|xl RNase inhibitor (lU/ul) were added. 
This mixture was incubated at 42 °C for 90min. Superscript II and mRNA were destroyed by 
adding 5 jj.1 EDTA (0.5M) and 10 pi NaOH (1M) and incubating at 65 °C for 10min. Then, 
the reaction was neutralized by adding 10 pi HC1 (1M). The unincorporated fluorescent 
nucleotides (Cy3 or Cy5 dUTP) were removed using a QIAquick PGR purification kit 
according to manufacture's protocol. The quality of labeled 1st strand cDNA was evaluated 
by running 1 pi on a 1% agarose gel which was scanned using a Typhoon fluorescence 
scanner (Amersham-Pharmacia). 
Microarray Hybridization 
A dye-swap design was used for the microarray experiment. Six pairs of B45 and 
B45o2 plants were randomly selected. For three of these pairs, the mRNA of pooled B45o2 
endosperms from one ear was labeled with Cy3, whereas the mRNA of pooled B45 
endosperms from the other ear was labeled with Cy5. The two labeled batches of cDNA 
were mixed together and hybridized to one slide. For the other three pairs of ears, the dyes 
were swapped. The same ears were sampled on different days to give the developmental 
series. Thus, there are six hybridizations for each time point, giving a total of 24 slides for 
the whole experiment. 
Glass slides printed with PGR amplified cDNAs representing the maize Unigene set 
were obtained from Dr. Patrick Schnable's lab at Iowa State University and preparation of 
the slides was carried out as described by Nakazono (Nakazono et al., 2003). The slides were 
prehybridized according to published methods (Hegde et al., 2000). 50 pi of hybridization 
solution was prepared by mixing 2.5pl liquid block (Amersham), 12.5 pi 20X SSC, 2.5 jj.1 
2% SDS, 12.5 jxl formamide, and 20 pi combined Cy3- and Cy5-labeled probe. The 
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hybridization solution was denatured at 95 °C for 2min, transferred to ice, centrifuged briefly 
in a microcentrifuge. The hybridization solution was then added to the slide and covered 
with a cover slip (Sigma Hybrislips Z36). The slide was placed in a microarray hybridization 
chamber (Arraylt Hybridization Cassette; Telechem International). Hybridization was 
performed in a water bath at 42°C overnight. After the hybridization, the slide was washed 
for twice in 2X SSC, 0,1% SDS 42 °C, 5 min; twice in 0.1X SSC, 0.1% SDS at room temp, 
10min; four times in 0.1X SSC at room temp, lmin. It was then dried with a stream of N2. 
The slide was scanned using a laser scanner (ScanArray 5000, GSILumonics, 
Parkard, Meridan, CT) for both channel 1 (Cy3) and 2 (Cy5) at 10-pm resolution. The 
channel 1 and channel 2 images were analyzed using ImaGene 4.1 software (BioDiscovery, 
Marina Del Rey, CA) to obtain average signal and background intensities for each spot. The 
microarray images and expression data in this study are linked at 
http://scottlab5.agron.iastate.edu. 
Microarray Data Analysis 
The raw data containing average signal and background intensities for each spot were 
integrated into one data file using Microsoft Excel (Microsoft, Redmond, WA). The 
background intensity of each spot was subtracted from the signal intensity first, and then the 
background-subtracted signal intensity of duplicate spots within each slide was averaged. 
The data was normalized using LOWES S and Scale normalization to remove the dye and 
array variation (Yang et al., 2002). A mixed linear model with an assumption of distinct 
variance for each gene was used to judge if a gene was differentially expressed (Wolfmger et 
al., 2001). The following linear mixed model was applied to each gene: 
Yjjkim=u +Gi+Tj+Dk+(GT)ij+(GD)ik+(TD)jk+(GTD)ijk+Ei +Am+eijkim 
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i=l,2; j=l,2,3,4; k=l,2; 1=1,...,12; m=l,..., 24; 
where Y is the LOWES S and Scale normalized measurement; u is overall mean; G is 
the genotype effect (wild type vs mutant); T is the time effect; D is the dye effect; e is error; 
GT is the interaction between the genotype and time effects; GD is the interaction between 
the genotype and dye effects; TD is the interaction of the time and dye effects; GTD is the 
interaction among genotype, time, and dye effects; E is the ear effect; A is the array effect; 
E, A and e are independent random effects and assumed to be normally distributed with 
means of zero and variances of cr2E,cr2A, <r2e, respectively. The denominator degrees of 
freedom for each F-test were approximated using Satterthwaite method (Satterthwaite, 
1946). GT is the effect of interest. The False Discovery Rate (FDR) method was used to 
control the multiple testing (Mosig et al., 2001). The ward hierarchical and k-means cluster 
analysis was carried out using JMP (SAS Institute Inc. Cary, NC, USA). 
Semi Quantitative RT-PCR 
0.5 ug DNase-treated polyA mRNA from 14DAP endosperm from wild type and 
mutant kernels were used for 1st strand cDNA synthesis. Each reaction (40 ul) contained 2 pi 
dNTP Mix (10 mM ea. dA, dC, dG, dT), 2 ul primer oligo dT (0.5 pg/pl, Invitrogen), 8 pi 
5X RT Buffer, 4 pi 0.1 M DTT, 2 pi Superscript II (Invitrogen), and 1 pi RNase inhibitor 
(lU/ul) was incubated at 42 °C for 90min. PGR reactions were carried out with gene specific 
primers for 18s rRNA (forward primer AGTTTGAGGCAATAACAGGTCT, reverse primer 
GATGAAATTTCCCAAGATTACC), Opaque2 (forward primer 
AAGATCAACGACGCTAACGTC, reverse primer GACGACGGCACTGATGAG), G-box 
binding protein (BM074404, forward primer CT AGTTGCCCTTGGGG ATT, reverse primer 
GAGGAACAAACAGGGACCG), Thioredoxin (forward primer 
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TACCACTACCAGCCCAACAG, reverse primer GAGTGCTTCTTGGTCAGGGT), Wali7 
(forward primer TATCATCTCCTCCCACCCG, reverse primer 
ACGCAACACACAACACATCC), bZIP (BEI30026, forward primer 
GAGAAGTGCTGTATCGTGTGGC, reverse primer TTGGACCCCTGAACGCATC). PGR 
was performed using JumpStart RedTaq Ready Mix (Sigma) according to manufacturer's 
protocol (Wali7: 94°C 30s, 55°C 30s, and 72 °C 1 min with 25 cycles; blip (BE130026): 
94°C 30s, 45°C 30s, and 72 °C 1 min with 30 cycles; Others: 94°C 30s, 55°C 30s, and 72 °C 
1 min with 30 cycles). Amplified products were separated on 4% Metaphor agarose (Bio-
Whittaker Molecular Application) gels in TBE buffer. 
Annotation 
A maize microarray annotation database was constructed using MySQL. The table 
files for database were downloaded from www.zmdb.iastate.edu/~download. 
Genomic Sequence Analysis 
The cDNA contigs of candidate genes identified by microarray analysis were 
obtained from http://www.maizegdb.org/documentation/mudp/microarrav/index.nhr). The 
ORE s of these contigs were first analyzed to determine the orientation of the sequences. The 
cDNA contigs' sequences were then blasted against the ISU MAGIs 3.1 Contigs of maize 
genome assemblies downloaded from http://maize.ece.iastate.edu/download.html. One kb of 
upstream sequence from hits was searched for putative P-box and 02 binding motifs. The 
following three of binding site sequences were used. P-box: TG T/C AAAG; 02 binding 
site 1 : CC ACGT C/A G/C; 02 binding site 2: G/T C/T/A C A T/C G/A/C TCAT C. 
Results 
Analysis of Amino Acid Composition and Zein Protein levels 
To determine the phenotypic differences between B45 and B45o2 maize endosperm 
mature kernels and immature endosperms of 14DAP were analyzed for amino acid 
composition and zein protein levels, respectively. The Lys content was found to be increased 
38% in B45o2 relative to B45. B45o2 also has almost a twofold increase in Trp content 
relative to B45. Similar differences between wild-type and o2 versions of other germplasm 
have been reported (Wang and Larkins, 2001). The levels of alcohol-extractable storage 
proteins in immature endosperm at different developmental stages from B45 and B45o2 
were also investigated using an HPLC (Wilson, 1991). At 14 DAP, only the 27kD y-zein is 
present and its level is dramatically decreased in B45o2 relative to B45 (Fig 1 A). At 18 
DAP, the other zeins can be detected in B45o2, but at much lower levels than in B45. The 
level of 27kD y-zein in B45o2 is increased to almost the same level as wild- type. The levels 
of all zeins are increased in both wild-type and o2 mutant compared to 14 DAP (Fig 1 B). At 
25 DAP, the accumulation of zeins in B45o2 is increased greatly compared to 14 and 18 
DAP, however, most of them are still lower than wild-type. The level of 27kD y-zein is 
similar between B45 and B45o2, as in 18 DAP. One exception is that one a-zein is higher in 
B45o2 than in B45. The accumulation of zeins at 25 DAP reaches a much higher level than 
14 and 18 DAP in both wild-type and o2 mutant. These results are in agreement with studies 
on the impact of the o2 mutation on zein levels (Dombrink-Kurtzman, 1994) and previous 
studies of temporal patterns of zein accumulation (Kodrzycki et al., 1989). 
Temporal Expression Profiling 
To better understand the temporal expression pattern of genes regulated by 02, a 
time course microarray experiment was carried out with a repeated measure design. Maize 
Unigene cDNA microarrays with a dye-swap design were used in this experiment. Six pairs 
of B45 and B45o2 self-pollinated ears were randomly selected and endosperms were 
harvested at 11, 14,18, and 25 DAP from the same ear for each plant. We chose 11 DAP as 
the starting time point because the o2 transcript is detectable at about 11 DAP (Gallusci et 
al., 1994). The mRNA from paired wild type and mutant endosperms was extracted and 
labeled with Cy3 or Cy5 dyes for microarray hybridization and analysis. A linear mixed 
model was used to identify differentially expressed genes. The model also includes a term 
for the genotype by time interaction that allows identification of differences in expression 
over the time course used in the study. Compound symmetry covariance structure was used 
for the repeated measure of the same ears. Before assessing the significance, the dye and 
array effects were adjusted using LOWES S and Scale normalization (Yang et al., 2002). 
With a cutoff p-value of less than 0.0005, 246 genes have significant genotype by 
time interaction with a FDR (false discovery rate) (Mosig et al., 2001) of 2.5%. We are also 
interested in the differential expression between wild-type and o2 endosperms at each time 
point. With a cutoff p-value of less than 0.0005,119 genes were identified as differentially 
expressed with a FDR of 3.3% and 71% of these genes were down-regulated in o2 at 
11DAP; 785 genes were identified as differentially expressed with a FDR 0.5% and 51% 
were down-regulated in o2 at 14DAP; 269 genes were identified as differentially expressed 
with a FDR 1.7% and 77% were down-regulated in o2 at 18DAP; 51 genes were identified 
as differentially expressed with a FDR 9.5% and 78% were down-regulated in o2 at 25DAP 
In total, 939 genes were differentially expressed in at least one time point. Interestingly, 
none of these genes had significant differential expression across all the time points. More 
genes were differentially expressed at 14 and 18 DAP, while less differential transcription 
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was observed at 25 DAP, in agreement with the protein results. The o2 gene was not 
identified as being differentially expressed using a cutoff p-value of less than 0.0005 at any 
time point. By checking its p-value, we found that it is excluded due to the cutoff we used, 
though it has a small p-value of 0.0005 at 18DAP. 
In order to improve our understanding of 02 regulatory network, co-regulated genes, 
which could be involved in the same pathway, were identified. The genes with significant 
genotype by time interactions are of interest because they may take part in the endosperm 
development and thus play a key role in the pleiotropic effects of the o2 mutation. By using 
the ward hierarchical clustering method, the 246 genes with significant genotype by time 
interaction were clustered into five groups (Fig 2). We also used the k-means clustering 
method by setting the number of clusters to five. The results from the two methods agree 
with each other very well (Table 1). Of the 12 zein genes printed on the array, six of them 
belonging to three zein families, 19kD and 22kD a-zein, 18kD ô-zein and 15kD /3-zein had 
significant genotype by time interactions. These six genes were clustered into two groups, 
18kD ô-zein and three 19kD ozeins in group 2,15kD /3-zein and 22kD ozein in group 3 
(Table 1 ward clustering). This is not surprising because both of the 15kD j8-zein and 22kD 
ô-zein have 02 binding site and are directly regulated by 02. It is interesting to observe that 
two RNA polymerase subunits and one zinc finger transcription factor are grouped with 
18kD ô-zein and 19kD a-zein. This suggests that these genes may be involved in the RNA 
synthesis and regulation of transcription of these two zein gene families. Several protein 
kinase and two translation factors are cluster into group 1, implying this group of genes may 
be involved in signal transduction and translation during the endosperm development. Some 
membrane proteins, a 14-3-3 protein, calmodulin, cellulose synthase, a transport protein, 
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profilin (a ubiquitous actin monomer-binding protein), and ubiquitin-conjugating enzyme are 
in group 4, which could be involved in the endosperm development. 
We also classified the 938 genes with differential expression in at least one time 
point into 10 groups using the same clustering methods (Table 2). In order to identify those 
genes that could be involved in the 02 regulatory network, the o2 gene was also included for 
cluster analysis even though it was not identified as differentially expressed using our 
threshold. The 938 genes are clustered into ten groups (Fig 3). Both the Ward hierarchical 
and k-means clustering methods agree with each other. Genes with similar temporal 
expression patterns are grouped together. Ten zein genes differentially expressed in at least 
one time point were classified into three groups. 18kD ô-zein and five 19kD a-zeins are in 
group3 which has 114 genes; 15kD /3-zein, 22kD ô-zein and 27kD y-zein are in group4; one 
19kD Œ-zein is in group9 (Table 2 ward clustering). It is interesting to observe that one bZIP 
transcription factor, MYB29 protein whose family has been reported to form heterodimers 
with 02 (Locatelli et al., 2000), an SMC3 involved in chromosome condensation and 
segregation, putative oligouridylate binding protein related to transcripton regulation, and 
U2 snRNP auxiliary factor are in the same group as the o2 gene. This suggests these genes 
could be co-regulated with 02 or regulated by 02. A large number of genes including 
protein kinases involved in signal transduction, heat shock proteins, membrane proteins, 
enzymes involved in metabolism, ring zinc finger transcription factors, proteins involved in 
protein transportation and deposition are clustered into group2. This reveals the broad 
regulatory properties of 02 and is consistent with the pleitropic effects of the o2 mutation. 
Over 50% of the genes' function is unknown. It will be interesting to characterize these 
genes to better understand the 02 effects. 
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Identification of differentially expressed genes with 02 binding sites in their promoters 
In order to identify genes that are potentially directly regulated by o2, the genes with 
differential expression in at least one time point were subjected to promoter region analysis. 
One kb of 5' flanking sequence from the site of transcription initiation was searched for 02 
binding sites and P-box elements. One gene, BEI30026, was found to have two 02 binding 
sites GCCACATCATC (Lohmer et al., 1991) in its promoter region. BEI30026 encodes a 
bZIP transcription factor. Further promoter region analysis indicates that its proximal 5' 
flanking region contains three additional sequences, ACGT, AACA, AAAG, and a GCN4-
like motif, which are conserved in many seed storage protein genes. The two 02 binding are 
found at -505 and -898 and two ACGT motifs are found at -20 and -638 from the site of 
transcription initiation. One AACA motif is located at -170 and one DOF (DNA binding 
with One Finger) recognition sequence, AAAG, which is part of the P-box cis element found 
in many storage protein genes (Yanagisawa and Sheen, 1998; Yanagisawa and Schmidt, 
1999) are found at -126 and -470 from the transcription initiation site. Two GCN4-like 
motifs which act as a key element controlling the endosperm specific expression (Wu et al., 
1998), TCAGTCA and CGAGTCA, are also found in the 5' flanking region. A putative 
TATA box is located between -131 and -136 from the site of transcription initiation (Fig 4). 
Taken together, these data suggest that this bZIP transcription factor is very likely directly 
regulated by 02 and may be involved in regulating storage protein gene expression. 
RT-PCR Confirmation of selected differentially expressed Genes 
In order to confirm that the differential expression of BE130026 is consistent in other 
genetic backgrounds, RT-PCR was used to investigate its transcript level in the inbred lines 
B45, B46, and M14 and their o2 conversions. The o2 gene was also selected for RT-PCR 
confirmation since it's not identified as differentially expressed by microarray analysis. In 
addition, the wali7 gene which is down-regulated in o2, thioredoxin and a putative G-box 
binding protein gene which are all up-regulated in o2 were selected for RT-PCR analysis 
(Fig 4). The putative G-box binding protein is of interest because the ACGT G-box motif is 
conserved in many seed storage proteins. Additionally, it is up-regulated in the o2 mutant 
from our microarray analysis. The transcript of the o2 gene is detected in the B45o2 mutant, 
whereas no o2 transcript can be detected in either B46o2 or M14o2. The expression of the o2 
gene is stronger in B45 than in B45 o2, but the difference is not significant. This explains 
why o2 gene was not identified as differentially expressed by the microarray analysis. Also, 
our result suggests that the o2 allele in B45o2 is probably different from the alleles in B46o2 
and M14o2. 
The level of transcript of BE130026 in B45 is much higher than in the B45o2 mutant, 
which is in agreement with the microarray results. This expression pattern is similar in the 
B46 and Ml 4 lines. Only a weak band of BE130026 transcript can be observed in o2 mutant 
lines in each case. BEI30026 was not identified in previous microarray studies simply 
because it is not printed on the array used (Fernandes et al., 2002). The differential 
expression of BEI 30026, an 02-like bZIP transcription factor, in all three genetic lines 
suggests it may play a role in the network of 02 regulation. 
The transcript level of the putative G-box binding protein which is known to bind to 
the sequence ACGT is higher in B45o2 and B46o2 mutants, but not in the M14o2 mutant. 
The microarray analysis of B45o2 mutant is consistent with this observation. From the RT-
PCR results (Fig 5), it can be clearly seen that wali7 gene was down-regulated, while the 
thioredoxin gene is up-regulated in B45o2 mutant. It is interesting to see that expression 
pattern of thioredoxin in B46 and Ml 4 is different from that of B45. This RT-PCR analysis 
agrees with the results of microarray hybridization. 
Discussion 
In this study, a maize Unigene cDNA microarray was used to investigate the global 
pattern of transcript levels of B45/B45o2 inbred lines at four time points. This array allowed 
us to monitor the expression of 12,000 genes simultaneously. The experimental design used 
in this study is substantially different than previous transcript profiling experiments. We 
used six biological replicates, which give us more degrees of freedom for more powerful 
analysis. A mixed linear model with the assumption of each gene having distinct variance 
was applied for identification of affected genes (Wolfinger et al., 2001). With this 
assumption, the probability of discarding differentially expressed genes due to the data 
filtering is reduced. Also, as opposed to an analysis conducted assuming constant variance 
across all genes, by determining the variance of each gene, outlier genes with large variances 
can be removed from the candidate gene list. Before the application of the linear mixed 
model, the data were normalized using the LOWES S and Scale normalization (Yang et al., 
2002). In this way, the dye and array effects can be removed to make the comparison more 
meaningful. We quantified the temporal zein expression by averaging the normalized 
expression value across six replicates. There are 12 zein genes printed on the array used for 
this study. Ten of them are identified as differentially expressed in at least one time point. 
Fig 6 shows that the expression pattern of these ten zein genes across four time points is 
similar. Their expression is at the lowest level at 11 DAP and reaches the highest level at 14 
DAP, then tends to decrease through 18 and 24 DAP. Our observation is consistent with 
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earlier studies (Woo et al., 2001). Our results suggest that microarray analysis is reliable for 
quantification of gene temporal expression with appropriate normalization methods. 
Several seed-specific bZIP transcription factors have been isolated and characterized 
in wheat (Albani et al., 1997), barley (Vicente-Carbajosa et al., 1998; Onate et al., 1999), 
and rice (Onodera et al., 2001). They have been shown to be involved in regulating the 
expression of endosperm-specific genes. The identification of a novel bZIP gene potentially 
regulated by 02 in this study adds a new insight into the regulatory network of seed storage 
protein in maize. The potential 02 binding sites and GCN4-like motifs which were shown to 
be recognized by 02 (de Pater et al., 1994; Holdsworth et al., 1995; Wu et al., 1998) in this 
bZIP gene promoter region indicates that it could be directly regulated by 02. Amino acid 
sequence analysis suggests this bZIP protein belongs to the 02-like family. In addition, RT-
PCR result shows that its expression pattern is similar in the three tested genetic 
backgrounds. This indicates that this gene plays a similar role in different genetic lines. With 
its broad binding specificity (Izawa et al., 1994) and formation of herterodimers with other 
bZIP proteins (Pysh et al., 1993), 02 may not only regulate this bZIP expression, but also 
form a heterodimeric complex to activate the endosperm-specific expression. 
The purpose of clustering genes is to identify groups of co-regulated genes. We used 
two clustering methods, ward hierarchical and K-means clustering. Both of the methods 
agree with each other for our data set. Additionally, genes clustered into the same groups 
may be involved in similar aspects of metabolism. Some of the genes with the similar 
functions such as zein genes are grouped together. It is interesting to observe that the novel 
bZIP gene was clustered into the same group as o2 gene. This also supports the hypothesis 
that it is involved in the same pathway as o2 and could be directly regulated by 02. Our 
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results confirm that microarray analysis is not only a high throughput way for discovery of 
new genes, but also a powerful tool for grouping co-regulated genes. 
Interestingly, two putative G-box binding proteins (BM074404 and BM078217) were 
identified as up-regulated in the B45o2 mutant. G-box binding proteins are known to bind to 
an ACGT core cis-acting element which exists in the 02 binding site. One of them, 
BM074404, was characterized by RT-PCR. Its expression is almost undetectable in B45 and 
B46 wild type, but its level is much higher in o2 mutants. In the M14 inbred line, the 
transcript level is weak in both the wild type and the o2 mutant. A G-box binding protein 
functioning as a repressor has been reported in soybean (Liu et al., 1997). Our results 
suggest that this G-box binding protein could act as a transcriptional repressor in the 02 
regulatory complex. It may interact with 02 to coordinately control the expression of zein 
genes. This could lead to the varied reduction of zein expression in o2 mutants in different 
genetic backgrounds. 
Temporal transcriptional profiling at a genome wide level and promoter analysis 
provides us with new insights into the regulation of endosperm-specific gene expressions. 
The future work will be focusing on investigating these interesting candidate genes by using 
reverse genetic, molecular, and biochemical methods to improve our understanding of 02 
regulatory network. 
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Fig 1 HPLC chromatograms of alcohol-extractable zein proteins from B45 and B45o2 
mutant endosperm at 14, 18, 25 DAP. Blue peaks represent the zein levels in B45 wild-type 
and red peaks represent the zein levels in B45o2 mutant. The horizontal line shows positions 
of the alpha zein peaks. Arrows show the positions of the other zein proteins. A. Comparison 
of zein levels between B45 and B45o2 at 14 DAP. Only the 27kD y-zein can be detected in 
B45o2. B. Comparison of zein levels between B45 and B45o2 at 18 DAP. Other zeins can be 
detected, but at a much lower level in B45 o2. The 27kD y-zein level is almost the same in 
both wild-type and o2 mutant. C. Comparison of zein levels between B45 and B45o2 at 25 
DAP. 
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Table 1 Classification of groups of co-regulated genes. 246 genes with significant genotype 
by time interaction are clustered into 5 groups using ward hierarchical and k-means 
clustering methods, respectively. The results from the two clustering methods agree with 
each other very well. 
Accession# Annotation P-value Ward Kmeans 
AI600336 annexin p35 4.35973E-05 1 2 
AI665019 B1146F03.23 7.62877E-06 1 2 
AW017838 beta-N-acetylhexosaminidase 4.20983E-05 1 2 
BG840287 Chlorohydrolase family protein 1.238452-06 1 2 
AI657290 contains similarity to myb-relat... 1.185812-07 1 2 
AI987558 contains similarity to thioredox... 8.245842-05 1 2 
AW000117 HAK2 0.000431446 1 2 
AI948228 hypothetical protein 8.259312-05 1 2 
AI770548 hypothetical protein 0.000244437 1 3 
BM072851 hypothetical protein 3.042722-05 1 3 
AW065766 myosin-like protein 6.677792-05 1 2 
AI649705 peroxiredoxin 0.000125668 1 3 
AI967249 putative actin-depolymerizing factor 8.671862-05 1 2 
BG842858 putative aminotransferase 2.759512-05 1 3 
AW331131 putative beta-D-galactosidase 0.000314118 1 2 
AI621860 putative chloropiast 50S ribosom... 1.24085E-05 1 2 
AI881365 putative cinnamoyl-CoA reductase 8.233122-06 1 2 
AI657300 putative cinnamyl-alcohol dehydr... 1.860442-05 1 2 
BG842921 putative fructokinase I 1.122842-06 1 2 
AI621758 putative protein 1.341122-06 1 2 
AW 120334 putative protein 0.000136528 1 2 
AI714860 putative protein kinase APK1B, S... 7.93755E-06 1 2 
AI649601 putative protein kinase SPK-3 1.505642-06 1 2 
Al964625 putative protein translation fac... 9.313792-05 1 2 
AI600760 putative serine/ threonine kinase 8.860852-05 1 2 
AI834006 putative thiolase 1.17942-05 1 2 
BG841290 putative transaldolase 0.000271403 1 2 
BG841251 putative transaldolase 0.000166072 1 2 
AW065796 putative translation initiation ... 1.793082-05 1 2 
BG873827 unknown 0.000209836 1 2 
AI948098 unknown 9.914522-05 1 2 
AI657412 unknown 2.487872-05 1 2 
AW424671 Unknown protein 0.000174501 1 2 
AW120157 Unknown protein 2.911572-05 1 2 
AW400116 unnamed protein product 0.000115578 1 2 
AI943741 0.000426195 1 2 
BM349548 0.000176796 1 2 
AI668199 1.499342-06 1 2 
AI619227 2.739482-07 1 2 
AI649633 2.047722-05 1 2 
AI691235 4.314362-07 1 2 
AI603725 9.168782-07 1 2 
AI621908 3.962322-06 1 2 
Al770480 7.746162-08 1 2 
AI600774 3.282712-07 1 2 
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Table 1. (Continued) 
Accession# Annotation P-value Ward Kmeans 
AI977831 0.000107442 1 2 
AI600750 3.57239E-07 1 2 
AI834016 6.08159E-06 1 2 
Al714806 3.27745E-06 1 2 
AI964614 3.20308E-05 1 2 
AI657322 7.85211E-05 1 2 
BG842739 0.000233378 1 2 
BM075148 8.36021 E-05 1 2 
AI948100 0.000248409 1 2 
AI600772 0.000122592 1 2 
AI947352 2.59964E-06 1 2 
AW400245 0.000402703 1 3 
AI795546 0.000158267 1 2 
AI619328 0.000282112 1 2 
BM347523 2.7736E-05 1 2 
AI668185 18kD delta zein 0.000385837 2 5 
AI664984 19kD alpha zein B2 0.000141518 2 5 
BM268698 19kD alpha zein B2 0.000183028 2 5 
BM269014 19kD alpha zein 01 2.45003E-05 2 5 
BM378794 acetohydroxyacld synthase 3.69993E-05 2 5 
BM073932 Ac-like transposase 8.16607E-06 2 5 
AW224848 AT5g19150/T24G5_50 0.000241371 2 5 
AI664998 carbonyl reductase 0.000170722 2 5 
AW257892 catalase-1 1.08482E-05 2 5 
BM074008 cinnamoyi CoA reductase 0.000143015 2 5 
Al737052 cinnamoyl-CoA reductase 9.92404E-05 2 5 
AW787590 hypothetical protein 0.000334101 2 5 
AI795356 hypothetical protein 0.000154225 2 5 
BM073850 Hypothetical protein 0.000254471 2 5 
Al901698 OSJNBa0027G07.15 0.000462437 2 5 
AW574456 putative Bowman-BIrk serine prot... 0.000165261 2 5 
AI668207 putative cytochrome P450 9.9052E-05 2 5 
AI665560 putative cytochrome P450 0.000408141 2 5 
Al657452 putative DNA-directed RNA polyme... 0.000491953 2 5 
AI737053 putative GAR1 protein 3.7063E-06 2 5 
BM079312 putative indole-3-glycerol phosp... 4.88731 E-06 2 5 
AW018101 putative leukotriene A-4 hydrolase 3.75692E-05 2 5 
AW066985 putative muconate cycloisomerase... 0.000439509 2 5 
AI737346 Putative nucieosld phosphatase 7.71427E-05 2 5 
AI978106 putative phosphatidylinositol kinase 1.1577E-06 2 5 
Al 665536 putative phosphatidylinositol-glycan 1.82892E-05 2 5 
AI737264 putative protein 0.000450629 2 5 
BM338558 putative protein 9.11617E-05 2 5 
AI668135 putative proteinase inhibitor 1.46804E-05 2 5 
BM379507 putative RNA polymerase II complex 3.60335E-06 2 5 
BE056908 putative zinc finger protein 0.000166859 2 5 
AW257935 S-adenosyl methionine synthetase 1.31182E-06 2 5 
BG841486 spondyloepiphyseal dysplasia, late 0.000163219 2 5 
BM074271 sucrose-phosphatase 8.81883E-06 2 5 
BM073828 thylakoid lumen protein, chlorop... 0.000232677 2 5 
AI612451 unknown 7.57182E-05 2 5 
AW331264 unknown 0.000372101 2 5 
AI783261 Unknown protein 7.67154E-05 2 5 
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Table 1. (Continued) 
Accession# Annotation P-value Ward Kmeans 
BM074377 unknown protein 1.703622-05 2 5 
BM348678 unknown protein 0.000318843 2 5 
AI665508 unknown protein 8.68358E-05 2 5 
BM074044 xyloglucan endotransglycosylase 0.000415816 2 5 
Al977800 4.01742-05 2 5 
BM074115 0.000427794 2 5 
BM073952 0.000278602 2 5 
Al668525 0.000490016 2 5 
AW011634 0.000400436 2 5 
BM079602 0.000265026 2 5 
BM079339 4.477832-05 2 5 
BG840130 7.106562-05 2 5 
BM074414 2.315512-06 2 5 
AW067338 0.000307089 2 5 
AW497480 0.000199905 2 5 
AW225118 0.000176635 2 5 
AI737966 0.000185788 2 5 
AI649519 1.045162-05 2 5 
AW054195 4.652872-05 2 5 
AW017907 0.000116118 2 5 
BM074469 0.000172112 2 5 
AW067301 0.000316856 2 5 
AI901323 0.000360213 2 5 
Al901699 8.193932-05 2 5 
AI691700 0.000108041 2 5 
AW257896 4.445842-05 2 5 
AI664901 1.321942-05 2 5 
Al665454 1.330292-05 2 5 
BM073916 0.000462524 2 5 
Al665510 0.000171922 2 5 
BM269474 2.55532-06 2 5 
AW331649 0.000157905 2 5 
AI665456 0.000153384 2 5 
BM337640 15kD beta zein 8.280472-05 3 4 
AW216091 22 kDa alpha zein 1-42 2.12765E-05 3 4 
AW331625 putative pol protein 0.000312405 3 4 
AW331644 putative UDP-glucose dehydrogenase 0.000229347 3 4 
AW216096 serine/threonine protein phospha... 0.000161742 3 4 
Al657389 9.597752-06 3 4 
AW231521 0.00039616 3 4 
AW331372 7.132282-05 3 4 
AW216082 4.531432-05 3 4 
BM350966 14-3-3-like protein 0.000253943 4 3 
Al668260 40S ribosomal protein S2 0.000337841 4 3 
AI622506 beta-glucosidase aggregating factor 0.000230043 4 3 
AW018136 calmodulin 0.000465703 4 3 
AW424741 calmodulin 0.000311869 4 3 
BM268208 cellulose synthase-4 0.00010778 4 3 
AW330593 chloroplast ribosomal L1-like protein 6.861912-05 4 3 
8(3841622 digalactosyldiacylglycerol synth... 0.000244702 4 3 
AW090989 ethylene-responsive elongation factor 0.000398487 4 3 
BG841611 expressed protein 9.458252-05 4 3 
AI977917 glutathione peroxidase 0.000462562 4 3 
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Table 1. (Continued) 
Accession# Annotation P-value Ward Kmeans 
AI491578 GTP binding protein 0.000333672 4 3 
AI621743 long chain acyl-CoA synthetase 8 9.43311E-05 4 3 
BG842927 MAP kinase 4 0.000244904 4 3 
AI622016 membrane protein PTM1-like 4.27314E-05 4 3 
Al 603726 poly(A)-binding protein 0.000180135 4 3 
AI621895 precursor of the oxygen evolving... 1.24251E-05 4 3 
AW091163 profilin 4.23927E-05 4 3 
AW352487 profilin 5 0.000389097 4 3 
AI622311 putative 1,4-benzoquinone reductase 0.000140241 4 3 
AW065781 putative 60S ribosomal protein ... 0.000330363 4 3 
AW017895 putative aminopropyl transferase 0.000296573 4 3 
AW438194 putative dehydrogenase 0.000108272 4 3 
AI665424 Putative dihydroflavonal-4-reductase 0.000320659 4 2 
AW017905 putative FtsH protease 0.000428926 4 3 
AW453362 putative H+-transporting ATPase 0.000344671 4 3 
AI666228 putative membrane protein 0.000119982 4 3 
BG840418 putative NADH dehydrogenase 0.000209085 4 3 
BG841536 putative oligouridylate binding... 0.000240565 4 3 
AW399855 putative phytase 0.0003063 4 2 
BG874095 Putative Phytosulfokines precursor 0.000307774 4 3 
AW330711 putative plastidic ATP/ADP-trans... 8.76889E-05 4 3 
AW400239 putative protein 0.000170023 4 3 
AI665557 putative protein 0.000192287 4 3 
AI714987 putative protein 0.000301144 4 3 
Al668250 putative receptor-like protein kinase 0.000143928 4 3 
AI714700 putative serine protease 0.000383999 4 3 
AW 126598 putative sphingosine kinase 0.00027417 4 3 
BM072754 putative transport protein 0.000140685 4 3 
BG841302 ribosomal protein S28 6.69122E-05 4 3 
AW 146764 Rieske Fe-S protein 0.00018946 4 3 
BG842726 salt-induced protein 0.000198807 4 1 
Al 737250 similar to RING zinc finger protein 0.000496839 4 3 
AW000453 similar to soluble NSF attachmen... 0.000494086 4 3 
AW155644 small GTP-binding protein 1.05376E-05 4 3 
AW258002 SMC3 protein 0.000347893 4 3 
Al770681 synaptobrevin-like protein 0.00030253 4 3 
BG842475 ubiquitin-conjugating enzyme 0.000376642 4 3 
AI947489 ubiquitin-conjugating enzyme OsU... 0.000268711 4 3 
AI691423 ubiquitin-conjugating enzyme OsU... 0.000465601 4 3 
Al855180 unknown 0.000205407 4 3 
AI737114 unknown 2.19912E-05 4 3 
AI967044 unknown protein 3.86657E-05 4 3 
Al947355 unknown protein 1.80418E-05 4 3 
Al691954 unknown protein 0.000154746 4 3 
AI668193 vacuolar H+-pyrophosphatase 3.38108E-05 4 3 
Al770340 zinc finger transcription factor... 7.38998E-05 4 3 
BM333881 0.000294562 4 1 
AI939877 0.000325775 4 3 
AW065410 0.000329981 4 3 
AI691658 0.000226168 4 3 
Al734516 6.4172E-05 4 3 
AI734461 0.00046278 4 3 
AW257995 0.000411861 4 3 
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Table 1. (Continued) 
Accession# Annotation P-value Ward Kmeans 
AI715060 0.000223086 4 3 
AI901862 0.000458865 4 3 
AI947513 0.00048935 4 3 
AI600421 0.000172288 4 3 
AW257918 0.000144981 4 3 
Al715028 0.000206794 4 3 
AI586397 0.00040387 4 3 
AI691471 0.000356943 4 3 
AI691268 3.517E-05 4 3 
AI600321 0.000146404 4 3 
AI715087 0.000238778 4 3 
AI947338 0.000312922 4 3 
AI734748 0.00025005 4 3 
A1621496 0.000294404 4 3 
BG874044 9.88396E-06 4 3 
AI770347 6.75442E-07 4 3 
AI783134 26S proteasome regulatory particle 9.92029E-05 5 3 
BG840598 beta-galactosidase 6.23898E-05 5 5 
BM341506 calcineurin B-like protein 0.000409933 5 5 
BM350119 hypothetical protein 0.000108289 5 5 
AI649882 MutT domain protein-like 9.84071 E-06 5 3 
Al649704 myo-inositol 1-phosphate synthase 1.039E-05 5 3 
Al881361 myo-inositol 1-phosphate synthase 7.42092E-06 5 3 
AW355879 O-methyltransferase 6.81117E-05 5 5 
BM073705 DSJNBb0011N17.9 0.000128315 5 3 
BM381044 P0471B04.17 1.56859E-05 5 5 
Al947876 possible protein kinase CK2 regu... 0.000432515 5 3 
AI978074 putative arabinoxylan narabinofu... 4.89681 E-05 5 3 
AW257882 putative protein 1.30803E-05 5 3 
BM073847 putative protein 0.000348401 5 5 
BG873797 S-adenosyl methionine synthetase 5.65937E-06 5 3 
AW000515 ubiquitin-specific protease 21 7.67317E-05 5 3 
AW076236 unknown protein 7.60598E-05 5 3 
AW066732 unnamed protein product 2.16397E-05 5 3 
AI715018 9.39826E-06 5 3 
BM339442 9.61141E-05 5 5 
BM337135 6.36738E-05 5 5 
BM333359 0.000361474 5 5 
BM073157 6.83658E-05 5 5 
AI665484 0.000450066 5 3 
AI947927 0.000257852 5 3 
AI714767 0.000289524 5 3 
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Fig 2 Cluster analysis of genes with significant genotype by time interaction. 246 genes are 
classified into 5 groups according to their expression patterns across the four time points. 
18kD 8-zein and 19kD a-zein are in group5; 15kD (3-zein and 22kD ô-zein in group4. A: 
Ward hierarchical clustering. Lane 1: 11 DAP; lane 2: 14DAP; lane 3: 18DAP; lane 4: 
25DAP. Low ratios are indicated in green, medium ratios are indicated in black, and high 
ratios are indicated in red. B: K-means clustering. 
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Table 2 Classification of groups of co-regulated genes. 939 genes significantly expressed in 
at least one time point are clustered into 10 groups using ward hierarchical and k-means 
clustering methods, respectively. The results from the two clustering methods agree with 
each other very well. 
Accession# Annotation 11DP-value 14DP-value 18DP-value 25DP-value Kmeans Ward 
BM338117 Hypothetical protein 0.0001 0.0003 0.0976 0.4871 9 1 
BM078831 O-methyl transferase 0.0005 0.0004 0.1263 0.6273 9 1 
BG842921 putative fructokinase I 0.0001 0.0001 0.392 0.3311 9 1 
AW352489 putative non-cyanogenic beta-glu... 0.0042 0.0001 0.0001 0.1192 4 1 
AI770555 unknown protein 0.0004 0.0003 0.0564 0.9836 9 1 
BM349548 0.0001 0.0001 0.0136 0.7208 9 1 
AW257917 101 kDa heat shock protein 0.0324 0.0001 0.0853 0.3538 6 2 
BG842754 26S proteasome regulatory particle 0.0003 0.3728 0.0001 0.0048 6 2 
AW055417 2-isopropylmalate synthase 0.7341 0.0003 0.7489 0.0604 6 2 
AI901630 2-isopropylmalate synthase 0.7611 0.0001 0.9146 0.0029 6 2 
BM074319 
adenosine monophosphate binding 
0.1983 0.479 0.0002 0.1427 6 2 
AW155722 alkaline alpha-galactosldase see... 0.0916 0.0001 0.8488 0.067 6 2 
AI665577 argininosuccinate lyase 0.0231 0.0041 0.0001 0.5152 6 2 
BE129937 auxin-binding protein 0.9138 0.0003 0.0243 0.624 6 2 
AW257876 B1111C09.3 0.0071 0.0001 0.0183 0.1678 6 2 
Al 861212 82 protein 0.1561 0.0001 0.0003 0.0002 6 2 
AI714828 beta-5 tubulin 0.0001 0.005 0.0007 0.0003 6 2 
AI855245 Caffeoyl CoA O-methyltransferase 0.3196 0.0001 0.0001 0.0005 6 2 
AW066733 catalase; hydroperoxidase HPII 0.0001 0.0001 0.0002 0.0694 6 2 
BM268208 cellulose synthase-4 0.015 0.0004 0.0309 0.0034 6 2 
AW065739 contains similarity to lysophosp... 0.4313 0.0002 0.1146 0.3971 6 2 
Al691685 DNA-binding protein 0.0001 0.2405 0.0927 0.1335 6 2 
Al941801 expressed protein 0.2097 0.0002 0.0002 0.0023 6 2 
AW042450 expressed protein 0.3239 0.0001 0.0016 0.0097 6 2 
AI783043 
gb|AAF01580.1 -gene id:MQM1.2 
3—si... 0.0987 0.8001 0.3374 0.0001 6 2 
AI770656 GF14-6 0.0001 0.4529 0.005 0.2723 6 2 
AW066760 
glutamine 
amidotransferasecyclase 0.0005 0.0002 0.0017 0.0756 6 2 
AI737220 heat shock protein 90 0.0001 0.0398 0.0131 0.1145 1 2 
AI668167 histone H3-like protein 0.0004 0.4663 0.0016 0.5559 6 2 
AI947777 Hypothetical protein 0.2457 0.0001 0.0302 0.0028 6 2 
BM072851 hypothetical protein 0.0043 0.362 0.0002 0.0002 6 2 
AW126468 hypothetical protein 0.261 0.4541 0.0004 0.0237 6 2 
AI668213 Ids3 0.2612 0.0001 0.0005 0.0001 6 2 
BM073705 imbibition protein homolog 0.455 0.0001 0.6262 0.1512 6 2 
AI649720 light harvesting chlorophyll a/b... 0.9985 0.0842 0.4099 0.0004 3 2 
AI621743 long chain acyl-CoA synthetase 8 0.007 0.0001 0.1541 0.2122 6 2 
AI770667 MAP kinase 3 0.0001 0.3346 0.0001 0.0797 6 2 
Al947519 MOM 0.7229 0.0001 0.0039 0.0024 6 2 
Al649882 MutT domain protein-like 0.166 0.0065 0.8141 0.0001 3 2 
AI881361 
myo-inositol 1-phosphate 
synthas... 0.2746 0.0121 0.9149 0.0001 3 2 
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AI649704 myo-inositol 1-phosphate synthase 0.1131 0.0048 0.5381 0.0001 3 
n-acetylglucosaminyl-
AI783068 phosphatidy... 0.0195 0.0002 0.4268 0.322 7 
AI586551 P0571D04.16 0.0003 0.0006 0.7124 0.143 6 
phosphoenolpyruvate 
AI947823 carboxykinase 0.1447 0.0001 0.0137 0.0022 6 
phosphoenolpyruvate 
AI855368 carboxykinase 0.017 0.0661 0.8575 0.0002 3 
AI670205 porin 0.0171 0.0044 0.0001 0.0861 6 
At621895 precursor of the oxygen evolving... 0.6934 0.0001 0.0237 0.0001 6 
AI947876 protein kinase CK2 regulatory su... 0.8143 0.0001 0.0006 0.0008 6 
AI947499 protein kinase REK 0.4169 0.0002 0.0001 0.0008 6 
protein phosphatase 2A regulatory 
AI691695 A subuint 0.0001 0.3147 0.2848 0.0819 6 
AI861214 protein phosphatase 2C 0.0507 0.0004 0.564 0.0003 6 
AW330592 protein phosphatase 2C-like prot... 0.1064 0.3297 0.0014 0.0003 6 
putative 1,4-benzoquinone 
AI622311 reduct... 0.8311 0.0001 0.0015 0.0033 6 
Al834422 putative actin 0.0003 0.0067 0.9666 0.5676 7 
AW400289 putative aminotransferase 0.8092 0.0001 0.003 0.0253 6 
BG842858 putative aminotransferase 0.016 0.0001 0.0083 0.1035 3 
AI978074 putative arabinoxylan narabinofu... 0.0906 0.0001 0.038 0.2416 6 
BG841191 putative class I chitinase 0.0498 0.7115 0.0001 0.0187 6 
AI737399 putative cucumisin-like serine p... 0.0285 0.0002 0.0013 0.0588 6 
AW018033 Putative FH protein interacting ... 0.8147 0.3686 0.5913 0.0003 3 
AW257961 putative golgi-localized protein 0.1868 0.0003 0.0382 0.6549 6 
AW424664 putative l-box binding factor 0.2414 0.0003 0.0236 0.0849 6 
Al615257 Putative kinesin-related protein 0.032 0.0004 0.0084 0.4112 6 
Al948283 putative lipid transfer protein 0.2242 0.0004 0.0066 0.0014 6 
AW258045 putative mitochondrial carrier p... 0.1787 0.0002 0.0285 0.5733 6 
AW053099 putative pectinacetylesterase 0.6469 0.0002 0.0061 0.0387 6 
AW037158 putative protein 0.0002 0.7288 0.031 0.4672 6 
AW000326 putative protein 0.8672 0.0003 0.0177 0.1111 6 
AW424669 putative protein 0.6647 0.0001 0.0021 0.04 6 
AI947764 putative protein 0.9798 0.0001 0.0005 0.0006 6 
AW126588 putative protein 0.0258 0.0004 0.2232 0.6742 6 
AW257882 putative protein 0.2896 0.002 0.5341 0.0001 3 
AW066725 putative protein kinase APK1B 0.0001 0.0001 0.0008 0.1096 6 
AI861110 putative protein phosphatase 2C 0.3821 0.0001 0.0323 0.0036 6 
AI855189 putative r40c1 protein 0.0077 0.0676 0.0095 0.0001 6 
AI770605 putative receptor kinase 0.7736 0.7374 0.2281 0.0001 3 
AI920382 putative ribosomal protein 0.7104 0.2354 0.0082 0.0003 6 
AW231774 putative RNA-binding like protein 0.0007 0.0001 0.0002 0.2601 6 
putative secretory carrier 
AW091347 membrane protein 0.0003 0.0236 0.2658 0.8694 6 
AW155667 Putative serine carboxypeptidase 0.0009 0.0001 0.0205 0.2252 1 
BM079579 putative thiolase 0.3418 0.7814 0.0004 0.3174 6 
AW067237 Putative transporter 0.0137 0.001 0.0002 0.0256 6 
AI668112 rapid alkalinization factor 2 protein 0.8224 0.0001 0.0003 0.0136 6 
RNA Polymerase II subunit 14.5 
AI947741 k... 0.1933 0.0001 0.0211 0.0004 6 
AI739777 RNA-binding protein 0.0272 0.0001 0.0001 0.0576 6 
BG873797 S-adenosyl methionine synthetase 0.2987 0.0001 0.2482 0.0001 3 
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Accession# Annotation 11 DP-value 14DP-value 18DP-value 25DP-value Kmeans Ward 
AW256129 serine carboxylase II-2 0.0086 0.0002 0.0329 0.348 6 
BG873781 Similar to ATP-citrate-lyase 0.0004 0.0365 0.0398 0.1246 6 
AW256102 Similar to hypothetical protein ... 0.0124 0.0001 0.0313 0.4295 6 
AI881247 similar to RING zinc finger prot... 0.0001 0.0303 0.0108 0.0325 6 
AI737250 similar to RING zinc finger protein 0.0002 0.0142 0.1838 0.5078 6 
BM379680 SOD2 protein 0.0001 0.0207 0.0069 0.3099 1 
BM078144 SOD2 protein 
Sorghum bicolor aldehyde 
0.0003 0.1632 0.0029 0.4393 1 
BG841125 dehydro... 0.1269 0.0153 0.0002 0.0533 6 
BG842294 tRNA-glutamine synthetase 0.1709 0.0002 0.0285 0.2 6 
Al666044 ubiquitin 0.0003 0.6449 0.4647 0.7906 6 
AI770386 Unknown 0.0002 0.9792 0.3132 0.0496 6 
AI622188 unknown 0.0264 0.0001 0.0637 0.0075 6 
AI737114 unknown 0.0014 0.001 0.0001 0.003 6 
AI967044 unknown protein 0.0001 0.0001 0.0002 0.8097 6 
BM380659 unknown protein 0.0004 0.0228 0.007 0.1618 6 
AI783289 unknown protein 0.0002 0.0349 0.4211 0.0829 6 
Al649677 unknown protein 0.0004 0.0001 0.0012 0.0683 1 
AW091011 unknown protein 0.0002 0.0065 0.0303 0.0858 6 
AI691954 unknown protein 0.1104 0.0001 0.2795 0.0226 6 
Al947290 unknown protein 0.0114 0.0004 0.0084 0.2035 6 
AW042491 unknown protein 0.173 0.0001 0.0188 0.1948 6 
AI770856 unknown protein 0.0099 0.0103 0.0001 0.0084 6 
Al941990 unknown protein 0.227 0.0114 0.0004 0.0223 6 
AI665671 unknown protein 0.2404 0.2166 0.0002 0.7596 6 
AI861143 unknown protein 0.6737 0.9447 0.04 0.0002 8 
AI861286 unknown protein 0.1909 0.9826 0.1136 0.0001 3 
AI622016 unknown protein; 24890-26925 0.0031 0.0001 0.6537 0.6182 7 
AW257859 unnamed protein product 0.0614 0.0002 0.0559 0.7861 6 
Al947473 unnamed protein product 0.3124 0.0001 0.0004 0.0933 6 
AI855174 unnamed protein product 0.5293 0.0001 0.0002 0.0004 6 
BG841138 unnamed protein product 0.4497 0.0338 0.0002 0.4247 6 
AW066732 unnamed protein product 0.2594 0.0022 0.2606 0.0001 3 
BM074572 vacuolar ATPase 69 kDa subunit 0.0001 0.029 0.0258 0.0496 6 
AI978027 0.0002 0.637 0.4127 0.6288 6 
Al586701 0.0004 0.1091 0.01 0.132 1 
Al943709 0.0003 0.0021 0.6222 0.1326 6 
AW231826 0.0001 0.6899 0.001 0.1564 6 
AW066588 0.0001 0.0122 0.1975 0.1275 6 
BG874044 0.0004 0.0001 0.029 0.9452 6 
AI619114 0.0001 0.0003 0.0017 0.1361 6 
AI737882 0.0002 0.0012 0.0166 0.0198 6 
AI770347 0.0001 0.0001 0.7213 0.0009 6 
AI621516 0.0001 0.0052 0.771 0.5545 1 
BG842496 0.0003 0.0001 0.0073 0.2651 6 
AI734822 0.0001 0.0488 0.0157 0.1906 1 
AI978128 0.8169 0.0001 0.2343 0.2749 6 
AI941813 0.5646 0.0002 0.0002 0.0038 6 
AI664919 0.0545 0.0001 0.3684 0.1489 6 
AI901795 0.5915 0.0002 0.0003 0.0027 6 
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Table 1. (Continued) 
Accession# Annotation 11DP-value 14DP-value 18DP-value 25DP-value Kmeans Ward 
AI943636 0.5025 0.0002 0.0001 0.0001 6 
AI615067 0.0086 0.0002 0.0001 0.1273 6 
AI947681 0.5233 0.0004 0.0102 0.0096 6 
AI947609 0.821 0.0003 0.0035 0.0043 6 
AI947528 0.5365 0.0002 0.0032 0.0018 6 
AI947486 0.1255 0.0001 0.0047 0.0014 6 
Al670203 0.9611 0.0001 0.012 0.0025 6 
AI670148 0.2712 0.0001 0.0025 0.0006 6 
AI668259 0.2204 0.0001 0.0041 0.0007 6 
AI491660 0.0121 0.0001 0.0007 0.0009 6 
AI861094 0.0585 0.0001 0.002 0.0017 6 
Al665021 0.6199 0.0002 0.0052 0.0037 6 
Al615080 0.0117 0.0004 0.0002 0.8435 6 
AW042543 0.3431 0.0001 0.1595 0.0664 6 
AI964629 0.2567 0.0001 0.0061 0.0308 6 
AI948280 0.7591 0.0001 0.0013 0.0131 6 
AI920319 0.5038 0.0003 0.1473 0.0243 6 
AI795386 0.1771 0.0001 0.0015 0.2117 6 
Al947927 0.8217 0.0001 0.0001 0.0001 6 
AI947756 0.6324 0.0001 0.0012 0.0025 6 
Al715087 0.7917 0.0001 0.6716 0.0266 3 
AI947905 0.938 0.0001 0.0331 0.7043 6 
AI619141 0.0176 0.0004 0.0016 0.2592 6 
AI941754 0.0201 0.0001 0.0021 0.1005 6 
Al947506 0.0717 0.0001 0.0007 0.1168 6 
AW257955 0.0007 0.0002 0.3264 0.0219 6 
AW231557 0.0084 0.0001 0.6461 0.89 6 
AI977964 0.0032 0.0001 0.0072 0.069 6 
AW065664 0.0148 0.0002 0.0863 0.111 6 
AW017806 0.0949 0.0004 0.3744 0.0094 6 
AI967219 0.0082 0.0002 0.6077 0.1332 6 
AW225099 0.0038 0.0004 0.0134 0.0913 6 
BG873936 0.0006 0.0004 0.0311 0.1596 6 
AW091498 0.1282 0.5026 0.0001 0.0459 6 
AI615070 0.0557 0.0022 0.0001 0.036 6 
AI734809 0.2773 0.097 0.0004 0.007 6 
BG842470 0.0546 0.1862 0.0002 0.8357 6 
AI619179 0.0117 0.0082 0.0004 0.1017 6 
AI619105 0.0023 0.2207 0.0001 0.0248 6 
Al691686 0.0042 0.2248 0.0002 0.007 6 
AI619154 0.0132 0.0909 0.0001 0.0095 6 
BG841090 0.0263 0.4084 0.0001 0.1429 6 
BG841085 0.7202 0.0404 0.0002 0.3305 6 
AI715018 0.319 0.0006 0.9028 0.0001 3 
BM382616 0.0323 0.5488 0.0644 0.0001 6 
Al 622223 0.1614 0.545 0.0526 0.0001 6 
Al668185 18kD delta zein 0.1474 0.0001 0.0038 0.0463 5 
BM338565 19 kDa zein 0.4001 0.0001 0.327 0.7392 1 
BM338469 19 kDa zein protein 0.59 0.0001 0.3031 0.7469 8 
BM268698 19kD alpha zein B2 0.3104 0.0001 0.0945 0.3135 5 
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Accession# Annotation 11DP-value 14DP-value 18DP-value25DR-value Kmeans Ward 
AI795292 19kD alpha zein B2 0.3651 0.0001 0.0946 0.1678 8 3 
BM269014 19kD alpha zein 01 0.0775 0.0001 0.1585 0.4409 5 3 
BM073932 Ac-like transposase 0.8492 0.0001 0.0001 0.0106 8 3 
BM074098 amino acid transport protein AAT1 0.7653 0.0001 0.0002 0.0188 8 3 
AW017894 At1g24050/T23E23_11 0.2208 0.0001 0.5162 0.6645 1 3 
Al664998 carbonyl reductase 0.9529 0.0001 0.0009 0.0125 5 3 
AW257892 catalase-1 0.3322 0.0001 0.0046 0.1327 5 3 
BM074008 cinnamoyl CoA reductase 0.7598 0.0001 0.0006 0.0108 8 3 
AI737106 contains similarity to copper-bl... 0.3714 0.0001 0.1563 0.6153 6 3 
AW067277 F14N23.28 0.4826 0.0001 0.0001 0.0075 8 3 
AI629862 F2E2.17 
glucose-6-phosphate 
0.0104 0.0001 0.0001 0.0007 8 3 
AW065611 dehydrogenase 0.0144 0.0001 0.0635 0.0034 8 3 
AI621991 Hypothetical protein 0.0915 0.0001 0.0119 0.0857 8 3 
AI795356 hypothetical protein 0.5342 0.0001 0.0001 0.0041 8 3 
BM073850 Hypothetical protein 0.6421 0.0001 0.0001 0.0142 8 3 
AW331642 hypothetical protein 0.1922 0.0001 0.0119 0.0259 8 3 
AI901419 inositol phosphatase-like protein 0.6501 0.0001 0.0001 0.0021 8 3 
BM074536 NADP-dependent malic enzyme 0.799 0.0001 0.0004 0.0187 8 3 
AW355879 O-methyltransferase 0.0193 0.0001 0.0002 0.0023 8 3 
AI901698 OSJNBa0027G07.15 0.5268 0.0001 0.0001 0.0019 8 3 
BM073775 OSJNBa0027N13.37 0.4873 0.0001 0.0001 0.011 8 3 
BM074828 P0701D05.19 0.8483 0.0001 0.0001 0.0425 8 3 
AI737096 putative arginine methyltransfer... 0.5621 0.0001 0.3836 0.8404 1 3 
AW574456 putative Bowman-Birk serine prot... 0.3947 0.0001 0.0003 0.0085 8 3 
Al665560 putative cytochrome P450 
putative DNA-directed RNA 
0.4085 0.0001 0.1721 0.5666 5 3 
AI657452 polyme... 0.1047 0.0001 0.0011 0.035 8 3 
BM074167 putative enolase 0.533 0.0001 0.001 0.0338 8 3 
BM079312 putative indole-3-glycerol phosp... 0.7048 0.0001 0.0001 0.0101 8 3 
AW018101 putative leukotriene A-4 hydrolase 
putative mitochondrial carrier 
0.1336 0.0001 0.0001 0.0734 8 3 
AW052994 protein 
putative muconate 
0.1445 0.0001 0.0007 0.0225 8 3 
AW066985 cycloisomerase... 0.9326 0.0001 0.0001 0.0133 8 3 
AI901666 putative NADH dehydrogenase 0.3898 0.0001 0.0009 0.0072 8 3 
AI737346 Putative nucleosid phosphatase 0.4138 0.0001 0.0001 0.0037 8 3 
AI978106 putative phosphatidylinositol ki... 
putative phosphatidylinositol-
0.1352 0.0001 0.0005 0.0034 8 3 
AI665536 glycan 0.5844 0.0001 0.0003 0.0071 8 3 
AI737264 putative protein 0.8398 0.0001 0.0001 0.0217 8 3 
AI665673 putative protein 0.7437 0.0001 0.0005 0.0083 8 3 
AW042168 putative protein 0.4775 0.0001 0.0001 0.0401 8 3 
BM348701 putative protein 0.7119 0.0001 0.0047 0.0546 8 3 
AI668135 putative proteinase inhibitor 
putative RNA polymerase II 
0.4777 0.0001 0.0014 0.3442 8 3 
BM379507 compl... 0.7921 0.0001 0.0001 0.0087 5 3 
AI920656 putative transposon protein, 5-... 0.9607 0.0001 0.0011 0.0807 8 3 
BE056908 putative zinc finger protein 0.4932 0.0001 0.0001 0.0076 8 3 
Al901646 ribosomal protein S4 type I 0.9489 0.0001 0.0007 0.0053 8 3 
AW257935 S-adenosyl methionine synthetase 0.2269 0.0001 0.0078 0.0119 8 3 
BG841486 spondyloepiphyseal dysplasia, late 0.9681 0.0001 0.0001 0.0195 8 3 
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BM074271 sucrose-phosphatase 0.5707 0.0001 0.0001 0.0113 8 
B M348689 thioredoxin-like 5 0.0781 0.0001 0.0001 0.0152 8 
BM073828 thylakoid lumen protein, chlorop... 0.3816 0.0001 0.0003 0.0102 5 
AI612451 unknown 0.2043 0.0001 0.0001 0.0026 8 
AI649880 unknown 0.5894 0.0001 0.0037 0.0362 8 
AI783261 Unknown protein 0.5195 0.0001 0.0005 0.0112 8 
BM074377 unknown protein 0.395 0.0001 0.0001 0.0146 8 
AW519980 unknown protein 0.8777 0.0001 0.0004 0.0077 8 
AI629785 unknown protein 0.4989 0.0001 0.0001 0.0153 8 
AW331264 unknown protein 0.6728 0.0001 0.0001 0.0039 8 
AI622802 unknown protein 0.649 0.0001 0.0001 0.0403 8 
AW224852 unknown protein 0.1078 0.0001 0.0123 0.0009 8 
BM348678 unknown protein 0.29 0.0001 0.0001 0.0145 8 
BM074079 unnamed protein product 0.4259 0.0001 0.0001 0.0124 8 
BM074044 xyloglucan endotransglycosylase 0.8054 0.0001 0.0001 0.0423 8 
BM348716 0.8613 0.0001 0.0001 0.0108 8 
AI977800 0.3216 0.0001 0.0005 0.0026 8 
BM338514 0.5661 0.0001 0.0002 0.0038 8 
BM340770 0.5691 0.0001 0.0004 0.0142 8 
BM074129 0.9087 0.0001 0.0009 0.1132 8 
BM074115 0.6269 0.0001 0.0022 0.0367 8 
BM073983 0.8666 0.0001 0.0014 0.0359 8 
BM073952 0.7522 0.0001 0.0019 0.0324 8 
BM073875 0.5397 0.0001 0.0128 0.1054 8 
AI964619 0.242 0.0001 0.0066 0.0658 8 
AI668525 0.5967 0.0001 0.0004 0.0145 8 
AI978067 0.4753 0.0001 0.0006 0.0171 8 
AW053042 0.7135 0.0001 0.0003 0.0279 8 
AW011634 0.7183 0.0001 0.0005 0.02 8 
BM079602 0.6372 0.0001 0.0003 0.0188 8 
BM079339 0.7688 0.0001 0.0001 0.0119 8 
BG840130 0.8144 0.0001 0.0003 0.0287 8 
BM074414 0.2959 0.0001 0.0001 0.0085 5 
AW066844 0.4764 0.0001 0.0001 0.0121 8 
AW067338 0.8393 0.0001 0.0002 0.008 8 
AW497480 0.6274 0.0001 0.0004 0.0083 8 
AW225118 0.7603 0.0001 0.0001 0.0045 8 
AI491221 0.2401 0.0001 0.0002 0.0136 8 
AI615233 0.2516 0.0001 0.0004 0.0295 8 
Al586609 0.2692 0.0001 0.0001 0.0037 8 
BM074203 0.5461 0.0001 0.0003 0.0081 8 
AI737966 0.5369 0.0001 0.0001 0.0043 8 
AI649519 0.6861 0.0001 0.0001 0.0039 8 
BE025374 0.824 0.0001 0.0001 0.0175 8 
AW054195 0.3112 0.0001 0.0001 0.0028 8 
AW017907 0.9044 0.0001 0.002 0.0058 8 
BM074469 0.6979 0.0001 0.0001 0.0158 8 
AW067322 0.7844 0.0001 0.0002 0.0505 8 
AW067301 0.2589 0.0001 0.0002 0.0016 8 
Al 396260 0.8288 0.0001 0.0027 0.0041 8 
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AI901323 0.4375 0.0001 0.0001 0.0018 8 
AI901746 0.8283 0.0001 0.0003 0.0029 8 
AI901833 0.4246 0.0001 0.0004 0.0047 8 
AI901808 0.3829 0.0001 0.0001 0.0011 8 
Al901699 0.4964 0.0001 0.0001 0.0016 8 
AI901703 0.1589 0.0001 0.0001 0.0041 8 
AI691700 0.5244 0.0001 0.0001 0.0204 8 
AW257896 0.5271 0.0001 0.0009 0.0532 5 
AW258040 0.4305 0.0001 0.0002 0.0111 8 
Al 665456 0.4583 0.0001 0.0223 0.2969 5 
AI920659 0.7472 0.0003 0.2053 0.1279 8 
AI664901 0.5996 0.0001 0.0003 0.0249 8 
AI657454 0.383 0.0001 0.0031 0.0559 5 
BM080799 0.4856 0.0006 0.0001 0.5964 8 
BM337640 15kD beta zein 0.0027 0.0001 0.0028 0.0577 10 
AW216091 22 kDa alpha zein 1-42 0.0053 0.0001 0.0097 0.0228 10 
AI670169 26.99 kd zein protein 0.0047 0.0001 0.2836 0.1019 10 
AW331625 putative pol protein 0.0041 0.0001 0.0447 0.0356 10 
AI670151 putative protein 
putative UDP-glucose 
0.0171 0.0001 0.0357 0.0152 10 
AW331644 dehydrogenase 0.0004 0.0001 0.1756 0.1179 10 
AW216096 serine/threonine protein phospha... 0.0089 0.0001 0.0847 0.0445 10 
AW224831 ubiquitin carboxyl-terminal hydr... 0.0054 0.0001 0.0583 0.0647 10 
AI657389 0.0027 0.0001 0.0039 0.0111 10 
AW331372 0.0009 0.0001 0.1091 0.0501 10 
AW216082 0.0021 0.0001 0.0937 0.0629 10 
AW231521 0.0329 0.0001 0.0034 0.0246 10 
AW330974 aldolase 0.0001 0.0001 0.1546 0.9973 1 
BE130026 bZIP 0.0034 0.0001 0.6073 0.1228 1 
BM350128 CaffeoyI CoA O-methyltransferase 0.0001 0.0001 0.0052 0.1491 1 
AW231479 caffeoyl CoA O-methyltransferase 0.0001 0.0001 0.158 0.8598 1 
Al734804 Cell wall-associated hydrolase 0.0141 0.0004 0.6314 0.0755 1 
AW257997 elongation factor 1B gamma 0.0001 0.0004 0.0524 0.8081 1 
AW258006 enoyl-ACP reductase 0.0001 0.0005 0.0237 0.6219 1 
BM341015 HAL3A protein 0.0002 0.0371 0.8041 0.6292 1 
AW017943 hypothetical protein 0.0201 0.0001 0.2695 0.1988 1 
Al861638 MYB29 protein 0.0042 0.0001 0.0004 0.4793 1 
AW231471 nodulin glutamate-ammonia ligase 0.0001 0.0003 0.0642 0.4138 1 
AI795303 opaque-2 protein 0.0018 0.0013 0.0005 0.0607 1 
BE025345 Orf122 
putative alpha subunit of F-actin 
0.0276 0.0003 0.3361 0.1746 1 
AW120260 capping 0.0001 0.0002 0.0144 0.6973 1 
AW000462 putative copia-type pol polyprot... 0.0025 0.0003 0.077 0.2144 1 
Al 861650 putative HAK2 0.0001 0.0001 0.0001 0.2968 1 
AI901641 putative myosin heavy chain 
putative oligouridylate binding 
0.0004 0.0001 0.0004 0.0729 1 
BG841536 protein 0.0001 0.0001 0.0068 0.2922 1 
AI901624 putative phi-1 protein 0.0003 0.0041 0.0009 0.0297 1 
AI947271 putative phosphoribosylanthranil... 0.0001 0.0001 0.0013 0.0062 1 
AI612433 putative polyprotein 0.0002 0.0386 0.45 0.2976 1 
AI861685 putative protein phosphatase 2C 0.0625 0.0004 0.0014 0.9669 1 
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putative pyrophosphate-
AW455729 dependent... 0.0016 0.0001 0.0056 0.4522 1 
BG873989 putative symbiosis-related protein 0.0001 0.0002 0.0147 0.4149 1 
AI665591 putative transposase 0.0001 0.0018 0.6054 0.786 1 
AW066684 pyruvate,orthophosphate dikinase 0.0001 0.0001 0.0128 0.2306 1 
AW256115 pyruvate,orthophosphate dikinase 0.0002 0.0001 0.1071 0.482 1 
AW257969 sarcoplasmic reticulum protein-like 0.0001 0.0005 0.037 0.3058 1 
AW000453 similar to soluble NSF attachmen... 0.0026 0.0001 0.1025 0.2703 1 
AW258002 SMC3 protein 0.0001 0.0001 0.0014 0.9788 1 
AI491620 U2 snRNP auxiliary factor, small... 0.0017 0.0001 0.0009 0.1389 1 
BG841239 unknown protein 0.0004 0.0522 0.5844 0.3752 1 
BM334501 unknown protein 0.0001 0.0004 0.4089 0.2677 1 
AW053144 unknown protein 0.0002 0.0444 0.6466 0.166 1 
AI491577 unknown protein 0.0002 0.0001 0.001 0.0219 1 
BM075121 unknown protein 0.0001 0.0001 0.0133 0.4277 1 
AW231493 unknown protein 0.0008 0.0002 0.0779 0.8204 1 
BG842280 unknown protein 0.0009 0.0001 0.0027 0.1662 1 
Al665515 unnamed protein product 0.0004 0.2341 0.1732 0.7805 1 
AW257995 0.0001 0.0001 0.054 0.8043 1 
AI668226 0.0001 0.132 0.6005 0.4181 1 
AI491305 0.0001 0.0001 0.0005 0.0648 1 
AW126591 0.0003 0.0003 0.0181 0.3619 1 
BE129932 0.0001 0.0001 0.0151 0.1159 1 
BM073358 0.0003 0.0001 0.0008 0.2895 1 
AW231279 0.0003 0.0001 0.0085 0.2742 1 
AW231499 0.0001 0.0001 0.1378 0.7938 1 
AI782856 0.0001 0.0001 0.2133 0.2242 1 
AW257967 0.0001 0.0001 0.0892 0.7527 1 
Al691623 0.0001 0.0005 0.0001 0.0875 1 
Al 855225 0.0004 0.0001 0.0005 0.0463 1 
BM350737 0.0001 0.0003 0.0037 0.2762 1 
AW257980 0.0002 0.0126 0.2493 0.7666 1 
AI461516 0.0001 0.0001 0.0001 0.0991 1 
AW076397 0.0001 0.0001 0.0019 0.4988 1 
Al901862 0.0003 0.0275 0.0086 0.7986 1 
AW000452 0.0004 0.0012 0.4833 0.0521 1 
AI855233 0.0042 0.0002 0.0743 0.6052 1 
AW066705 0.002 0.0001 0.0012 0.1155 1 
AW120244 0.0012 0.0001 0.0384 0.9438 1 
AW 120394 0.251 0.0004 0.0022 0.9892 
Al715060 0.0158 0.0001 0.0108 0.5563 1 
AI948146 0.0019 0.0002 0.1961 0.4469 1 
AI711963 0.0012 0.0001 0.1019 0.081 1 
AI600336 annexin p35 0.0052 0.0001 0.0238 0.1261 9 
AW017838 beta-N-acetylhexosaminidase 0.0001 0.0001 0.038 0.1724 9 
BG840287 Chlorohydrolase family protein 0.0041 0.0001 0.0028 0.0054 3 
AI612475 contains ESTs AU163784(E 11036) 0.0003 0.0012 0.406 0.3729 9 
Al 657290 myb-like protein 0.0001 0.0001 0.0001 0.0448 9 
AW065766 myosin-like protein 0.0317 0.0001 0.7223 0.0027 3 
Al649705 peroxiredoxin 0.0136 0.0025 0.7198 0.0004 3 
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Accession# Annotation 11 DP-value 14DP-value 18DP-value 25DP-value Kmeans Ward 
putative actin-depoiymerizing 
AI967249 factor 0.0002 0.0001 0.8389 0.043 3 6 
AI621860 putative chloroplast 50S ribosome 0.0026 0.0001 0.0058 0.124 9 6 
AI881365 putative cinnamoyl-CoA reductase 0.0001 0.0001 0.0032 0.0065 3 6 
AW076234 putative glutathione peroxidase 0.1277 0.0001 0.3634 0.007 3 6 
AI621758 putative protein 0.0025 0.0001 0.0106 0.1664 9 6 
Al 714860 putative protein kinase APK1B, S... 0.0698 0.0001 0.0112 0.0392 3 6 
Al 600760 putative serine/ threonine kinase 0.0009 0.0001 0.0037 0.1453 9 6 
AI834006 putative thiolase 0.0009 0.0001 0.0006 0.0838 9 6 
AW065796 putative translation initiation... 0.0147 0.0001 0.9912 0.0045 3 6 
AI855224 rubisco small subunit 0.0225 0.0001 0.0045 0.145 9 6 
AI861486 sucrose synthase 0.0002 0.696 0.785 0.2763 9 6 
AI657412 unknown 0.0033 0.0003 0.6958 0.0001 3 6 
AI691914 unknown protein 0.3059 0.0375 0.7412 0.0004 3 6 
AI619227 0.0002 0.0001 0.0009 0.0716 9 6 
Al603725 0.0002 0.0001 0.0003 0.1714 9 6 
AI600774 0.0001 0.0001 0.0003 0.0165 9 6 
BM347523 0.0001 0.0064 0.1081 0.0088 3 6 
AI947352 0.0082 0.0001 0.7352 0.0021 3 6 
AI649633 0.0072 0.0001 0.008 0.2678 9 6 
AI795546 0.0888 0.0001 0.998 0.0273 3 6 
AW787856 0.0872 0.0002 0.6021 0.4756 7 6 
AI691235 0.0006 0.0001 0.0018 0.2672 9 6 
AI621908 0.0055 0.0001 0.0076 0.0055 3 6 
AI770480 0.0031 0.0001 0.0022 0.0018 3 6 
AI600750 0.001 0.0001 0.0008 0.0031 3 6 
AI834016 0.0047 0.0001 0.0028 0.0407 3 6 
AI714806 0.0062 0.0001 0.0064 0.0396 3 6 
AI657322 0.0014 0.0001 0.0015 0.1756 9 6 
BG842739 0.074 0.0001 0.0217 0.0459 3 6 
BM075148 0.0081 0.0001 0.3691 0.2625 9 6 
AI600772 0.0274 0.0002 0.0076 0.1624 9 6 
AI783134 26S proteasome regulatory partie... 0.254 0.0001 0.0012 0.002 6 
BM382401 60S ribosomal protein L21 0.5777 0.0001 0.0001 0.0028 8 
BM378794 acetohydroxyacid synthase 0.0437 0.0001 0.0001 0.001 8 
BG842285 acidic ribosomal protein P1a 0.3189 0.0002 0.0008 0.0012 6 
AW331660 aldehyde dehydrogenase 0.6545 0.0191 0.0002 0.0002 8 
AW017539 At5g60720/mup24_130 0.7136 0.0001 0.0108 0.4389 6 
BG841217 B2 protein 0.959 0.0001 0.0001 0.0121 8 
Al665580 barley B recombinant 0.2131 0.0086 0.0004 0.0006 6 
BG840598 beta-galactosidase 0.5499 0.0001 0.0001 0.0089 8 
BM341506 calcineurin B-like protein 0.2983 0.0001 0.0001 0.0143 8 
AI901843 cohesin 0.9809 0.0008 0.0003 0.0052 6 
Al901370 copper chaperone homolog CCH 0.4179 0.0003 0.0026 0.0043 6 
AI881601 cyclin type B-like 0.437 0.0002 0.0003 0.0001 6 
AI861098 expressed protein 0.6239 0.0001 0.0053 0.0016 6 
AI668150 GAMM1 protein-like 0.2641 0.0001 0.0002 0.0021 6 
Al855411 glutamine synthetase 0.6666 0.0001 0.0015 0.0009 6 
BG841236 glutaredoxin 0.0306 0.0001 0.0047 0.018 6 
BM340932 hypothetical protein 0.7377 0.0001 0.0002 0.0561 8 
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BG842282 hypothetical protein 0.405 0.0002 0.0002 0.0212 6 
AW787590 Hypothetical protein 0.7659 0.0001 0.0006 0.0284 8 
BM350119 hypothetical protein 0.5764 0.0001 0.0001 0.007 8 
AI737367 kinase binding protein-like 0.0057 0.0001 0.0104 0.0024 6 
BG840173 MtN3-like protein 0.4576 0.0001 0.001 0.2734 6 
BG841131 nicochianamine synthase 2 0.8423 0.0002 0.0016 0.005 6 
AI661177 nitrite reductase 0.0945 0.0001 0.0051 0.0008 6 
AW424672 OSJNBa0050F15.10 0.706 0.0003 0.0003 0.0118 6 
BM379386 P0045F02.11 0.7783 0.0001 0.0002 0.0109 8 
BM381044 P0471B04.17 
phosphoethanolamine 
0.8164 0.0001 0.0001 0.0023 8 
AI861276 methyltransf... 0.4723 0.0001 0.0021 0.0006 6 
AI861237 photosystem I hydrophobic protein 
precursor ferredoxin-NADP+ 
0.0977 0.0001 0.0003 0.0005 6 
BM336095 oxido... 0.2904 0.0001 0.0001 0.0196 8 
Al855040 probable ubiquitin activating en... 0.6934 0.0001 0.0006 0.0364 8 
BM073842 protein kinase-like protein 0.9494 0.0001 0.0001 0.0177 8 
BM382056 putative 60S ribosomal protein ... 0.3649 0.0001 0.0002 0.0003 6 
BM341405 putative acid phosphatase 0.5054 0.5773 0.0001 0.0123 6 
AW126584 putative ankyrin repeat protein ... 0.9961 0.0001 0.0002 0.0181 8 
AW042440 Putative apyrase 0.0407 0.0049 0.0001 0.0338 6 
AW065517 Putative cell cycle switch protein 
putative chorismate mutase 
0.5405 0.0001 0.0015 0.0046 8 
Al666006 precursor 0.2445 0.0001 0.0001 0.0082 6 
BG842402 putative DNA-binding protein pho... 0.7116 0.0001 0.0002 0.0071 8 
BM075086 putative formamidase 0.5619 0.0001 0.0002 0.0012 8 
AW231524 putative HEN1 0.0768 0.0002 0.0015 0.0039 6 
BM351250 putative NADH oxidoreductase 0.2699 0.0001 0.0001 0.037 6 
AW126414 putative nodulin 0.1681 0.0003 0.0149 0.1107 6 
AI861251 putative oxidoreductase 0.8736 0.0001 0.0014 0.0027 6 
AI649424 putative peroxidase 0.8978 0.0001 0.0001 0.0097 8 
BM073847 putative protein 0.5939 0.0001 0.0001 0.0007 8 
AI795301 putative protein 0.7249 0.0001 0.0086 0.0014 6 
AI783365 putative protein 0.1857 0.0001 0.0017 0.0146 6 
AW042277 putative protein 
putative pyrophosphate-
0.3501 0.0001 0.0108 0.0181 6 
AW066842 dependent... 0.8723 0.0001 0.0007 0.0151 8 
AI901387 putative rubisco activase 0.6131 0.0001 0.0005 0.0187 8 
AI901623 putative sugar nucleotide phosph... 0.0351 0.0001 0.0043 0.0029 6 
AI737385 Putative trehalose-6-phosphate s... 0.9152 0.0001 0.0001 0.0096 8 
BM336662 putative vesicle soluble NSF att... 0.3212 0.0001 0.0001 0.0062 8 
AI861107 receptor-like protein kinase-like 0.4946 0.0001 0.0028 0.0001 6 
AW224872 S-adenosylmethionine synthetase 0.2328 0.039 0.0001 0.0053 6 
BG841963 S-like RNase 0.7772 0.0001 0.0001 0.0072 8 
Al737088 strong similarity to initiation ... 0.2885 0.0001 0.0099 0.0974 8 
AW424677 tonoplast membrane integral prot... 0.7017 0.0001 0.0001 0.0036 6 
AW000515 ubiquitin-specific protease 21 0.5749 0.0001 0.0002 0.0107 6 
AI795425 unknown 0.883 0.0001 0.0002 0.0001 8 
AI782870 Unknown protein 0.5994 0.0003 0.0001 0.0039 8 
BM080771 unknown protein 0.2448 0.0001 0.0001 0.0031 8 
AI861200 Unknown protein 0.0441 0.0001 0.0038 0.0017 6 
AI714933 unknown protein 0.6627 0.0001 0.0001 0.0019 6 
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AW076236 unknown protein 0.5386 0.0002 0.0006 0.0001 6 
BM341648 very-long-chain fatty acid conde... 0.1085 0.0001 0.0002 0.026 8 
BM337403 wall? 0.3516 0.0001 0.0009 0.1206 6 
BM072807 zinc finger transcription factor... 0.3175 0.0001 0.0003 0.0089 8 
BM348600 0.7282 0.0001 0.0002 0.032 8 
BM336429 0.6034 0.0001 0.0002 0.0133 8 
BG841159 0.8247 0.0001 0.0001 0.021 8 
BG841147 0.4371 0.0001 0.0001 0.0194 8 
BM072788 0.6372 0.0001 0.0002 0.005 8 
BG842489 0.7769 0.0003 0.0001 0.0074 8 
BM340064 0.5223 0.0001 0.0003 0.0078 8 
BM349086 0.3614 0.0001 0.0001 0.0031 8 
BG842356 0.4173 0.0001 0.0001 0.0036 8 
BM341283 0.5357 0.0001 0.0004 0.0109 8 
BM074708 0.7173 0.0001 0.0002 0.0078 8 
BM339788 0.2591 0.0002 0.0001 0.0005 8 
BM351599 0.4147 0.0001 0.0004 0.0083 6 
BM351387 0.2574 0.0001 0.0001 0.0019 8 
Al901460 0.6441 0.0004 0.0014 0.0109 6 
AI833408 0.9683 0.0001 0.0012 0.0185 8 
AI999928 0.7892 0.0004 0.002 0.0258 6 
Al 665572 0.1686 0.0001 0.0019 0.0171 6 
AW497891 0.2938 0.0001 0.0003 0.0002 8 
AI734519 0.6722 0.0001 0.0001 0.0086 6 
AI734546 0.9684 0.0001 0.0001 0.0022 6 
Al666123 0.3783 0.0001 0.0001 0.0026 6 
BM339442 0.6301 0.0001 0.0001 0.005 8 
BM337135 0.5404 0.0001 0.0001 0.0048 8 
BM333359 0.6734 0.0001 0.0001 0.0081 8 
BM334482 0.8742 0.0001 0.0001 0.2869 6 
AI855219 0.073 0.0001 0.0004 0.0002 6 
BM079191 0.6746 0.0001 0.0001 0.0025 8 
BM073157 0.3292 0.0001 0.0001 0.0024 8 
BM378925 0.7634 0.0001 0.0001 0.0019 6 
AW042249 0.3013 0.0001 0.0001 0.0056 6 
AI665484 0.0655 0.0003 0.0006 0.0221 6 
AI621986 0.292 0.0001 0.001 0.0009 8 
AW424680 0.3986 0.0001 0.0001 0.0126 6 
AW126440 0.9402 0.0001 0.0004 0.046 8 
AI714767 0.8944 0.0002 0.0098 0.0031 6 
AW067252 0.0385 0.0001 0.0001 0.0018 6 
Al 668237 0.4634 0.0001 0.0068 0.0046 6 
AI920457 0.3812 0.0001 0.0001 0.0056 8 
Al 920426 0.8317 0.0001 0.0001 0.0638 6 
BM078723 0.1191 0.0002 0.0022 0.2347 8 
Al861583 0.2584 0.0004 0.1446 0.2745 6 
BM074524 0.6159 0.0091 0.0001 0.0132 6 
BM340968 0.294 0.001 0.0004 0.0831 8 
BM340539 0.828 0.0011 0.0002 0.0052 8 
BM349214 0.9757 0.001 0.0001 0.0028 8 
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BM341036 0.8262 0.0008 0.0001 0.024 6 
BM337905 0.1076 0.006 0.0003 0.0743 8 
Al691265 0.2313 0.009 0.0004 0.1072 6 
AI491401 0.3628 0.2731 0.0001 0.0142 6 
Al691744 0.669 0.3957 0.0001 0.0862 6 
AI491422 0.3345 0.4118 0.0001 0.0304 6 
BM350966 14-3-3-like protein 0.0201 0.0001 0.2575 0.2049 
BE129676 14-3-3-like protein 0.8814 0.0002 0.2637 0.2002 
AI691886 1 -acyl-glycerol-3-phosphate acyl... 0.0094 0.0004 0.2123 0.4645 
Al 622086 1 -acyl-glycerol-3-phosphate acyl... 0.0217 0.0001 0.2649 0.3721 
BG842326 20S proteasome beta 4 subunit 0.9304 0.0002 0.287 0.6088 
BG841363 26S proteasome regulatory particle 
60S RIBOSOMAL PROTEIN L38-
0.0162 0.0001 0.0344 0.341 
AW146903 like p... 0.993 0.0001 0.029 0.025 
AI795390 80S ribosomal protein L31 0.044 0.0001 0.0005 0.0252 
AW146887 ADP-ribosylation factor-like pro... 0.0239 0.0001 0.0009 0.0001 
BM334753 alpha-expansin 2 0.957 0.0001 0.0178 0.2199 
AI714854 anthranilate synthase alpha 1 
ARGININESERINE-RICH 
0.0466 0.0001 0.3682 0.4716 
Al 770485 SPLICING FAC... 0.0297 0.0001 0.0368 0.0152 
AW 146684 At1g35680/F1504_7 0.5832 0.0002 0.0038 0.698 
Al964621 B1111C09.3 0.0078 0.017 0.0001 0.8766 
AW331179 beta 3 subunit of 208 proteasome 0.0518 0.0002 0.2168 0.6326 
BG841232 beta 3 subunit of 20S proteasome 0.0051 0.0001 0.012 0.3715 
AI770898 beta 5 subunit of 20S proteasome 0.0644 0.0002 0.0097 0.4555 
BM078327 brain and reproductive organ-exp... 0.0454 0.0001 0.0015 0.2761 
AI901819 CAA30379.1 protein 0.0901 0.0001 0.9326 0.0391 
AI622476 calcium-binding protein 0.0062 0.0002 0.0187 0.4464 
AI737287 Calmodulin 0.8122 0.0001 0.3833 0.858 
AI621767 calmodulin 0.2668 0.0001 0.5652 0.5141 
AW424741 calmodulin 0.0206 0.0001 0.6065 0.403 
AI738326 Cdk-activating kinase CAKIAt 0.9255 0.0003 0.4329 0.3746 
Al622068 cellulose synthase-2 0.1712 0.0001 0.197 0.0721 
AW330593 chloroplast ribosomal L1-like pr... 0.0018 0.5068 0.0069 0.0001 
AI979668 cobW-like protein 0.4375 0.0001 0.3129 0.3932 
AI737217 contains similarity to calmodulin. 0.0049 0.0001 0.0043 0.0164 
AI621830 contains similarity to F6I7.30 0.0763 0.0001 0.6396 0.3932 
AI987558 contains similarity to thioredox... 0.0118 0.0001 0.0001 0.6949 
Al 770699 contains similarity to ubiquitin... 0.2499 0.0001 0.3093 0.0093 
BG873934 cysteine proteinase 0.5832 0.0002 0.1042 0.6768 
BG841527 cytochrome c oxidase, Vc subunit 
cytochrome-bô reductase-like 
0.246 0.0003 0.1113 0.0478 
AW017756 pro... 0.382 0.0001 0.4633 0.8891 
BG841622 digalactosyldiacylglycerol synth... 
DNA-directed RNA polymerase II 
0.1483 0.0001 0.8242 0.0097 
AW455626 1... 0.8022 0.0003 0.1205 0.7081 
AW090989 ethylene-responsive elongation f... 0.8936 0.0001 0.5812 0.0253 
AI621769 eukaryotic cap-binding protein 0.488 0.0001 0.4741 0.9649 
AI691374 exoglucanase precursor 0.4692 0.0003 0.2454 0.4214 
BG841611 expressed protein 0.0127 0.0001 0.6959 0.3042 
BM078533 expressed protein 0.012 0.0001 0.2472 0.5743 
BG840601 F1F0-ATPase inhibitor protein 0.8666 0.0001 0.4248 0.2997 
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BM078419 
gibberellln-lnduced receptor-like 
protein 0.7094 0.0001 0.1008 0.9327 7 8 
AI977917 glutathione peroxidase 0.1182 0.0001 0.1264 0.2725 7 8 
BG841567 glutathione S-transferase GST 33 0.0343 0.0003 0.0015 0.4703 7 8 
AI783244 glyoxalase II 0.0756 0.0004 0.1191 0.128 7 8 
BG842966 GS1-like protein 0.0016 0.0004 0.8042 0.0061 7 8 
AI491578 GTP binding protein 0.7231 0.0002 0.0098 0.1776 7 8 
BM079199 GTP binding protein 0.0323 0.0001 0.9684 0.0017 7 8 
AI691762 H2A histone protein 0.0142 0.0001 0.0273 0.6874 9 8 
AW000117 HAK2 0.0005 0.0001 0.0424 0.4022 7 8 
AW090879 helix-loop-helix-like protein 0.0058 0.0001 0.1869 0.7643 7 8 
AI665499 HUELLENLOS-like protein 0.0393 0.0001 0.8987 0.7857 7 8 
AW787793 
hydroxymethylglutaryl coenzyme 
A... 0.19 0.0003 0.5836 0.298 7 8 
ÀI692111 hypothetical protein 0.9425 0.0001 0.0535 0.2599 7 8 
AW120165 hypothetical protein 0.204 0.0001 0.047 0.1769 7 8 
AI973428 Hypothetical protein 0.2673 0.0001 0.0493 0.8078 9 8 
AI948228 hypothetical protein 0.051 0.0001 0.0003 0.1018 7 8 
AW017902 hypothetical protein 0.0007 0.0029 0.0001 0.077 7 8 
AW067462 hypothetical protein 0.3569 0.0186 0.0001 0.2741 7 8 
AI770548 hypothetical protein-similar to... 0.9386 0.0001 0.0195 0.018 3 8 
AI668176 lipase-like protein 0.9501 0.0001 0.1228 0.6512 7 8 
Al964631 LYTB-like protein precursor 0.0388 0.0001 0.0343 0.6042 7 8 
BG842927 MAP kinase 4 0.0015 0.1906 0.8805 0.0001 7 8 
AI739807 
mitochondrial phosphate 
transpor... 0.2672 0.0001 0.4008 0.5219 7 8 
BM334263 Mob1-like protein 0.0098 0.0001 0.1537 0.0309 7 8 
BG842957 NDR1HIN1-like protein 0.0585 0.0002 0.8483 0.6628 7 8 
AI979641 nonclathrin coat protein zeta1-COP 0.0009 0.0001 0.0009 0.5033 7 8 
AI665664 nuclear encoded precursor to chl... 0.0411 0.0001 0.1999 0.3154 7 8 
AI691902 nuclear transport factor 2 0.1107 0.0001 0.0246 0.1723 7 8 
Al861466 nucleic acid binding protein-like 0.0001 0.2987 0.7785 0.4302 7 8 
BGB42717 nucleoside diphosphate kinase 0.6708 0.0001 0.8089 0.3595 7 8 
BG841320 nucleoside diphosphate kinase 0.0006 0.0001 0.1201 0.9708 7 8 
AI714380 OJ1612_AQ4.2 0.8661 0.0004 0.7813 0.7981 7 8 
AI967058 ORF114 0.2872 0.0001 0.0307 0.1951 7 8 
AI691925 OSJNBa0050F15.11 0.0015 0.0001 0.1681 0.5691 9 8 
BG841226 OSJNBa0086P08.10 0.4484 0.0378 0.0002 0.4886 7 8 
BG841228 OS JNBa0094015.3 0.4567 0.0001 0.4588 0.9292 7 8 
AI600726 P0414E03.20 0.5947 0.0001 0.2931 0.8297 7 8 
BG842114 P0672D08.28 0.0117 0.0001 0.4135 0.8657 7 8 
AI622036 
peroxisomal membrane protein 
ABC... 0.0042 0.0001 0.3071 0.3246 9 8 
AW257883 
phosphoribosyl pyrophosphate 
syn... 0.0134 0.2066 0.0013 0.0004 7 8 
BM079333 plasma membrane intrinsic protein 0.5072 0.0002 0.4534 0.07 7 8 
AI603726 poly(A)-binding protein 0.3672 0.0001 0.2827 0.0258 3 8 
AW091163 profilin 0.2446 0.0001 0.0681 0.567 7 8 
AI666178 profilin 0.2111 0.0003 0.3943 0.2694 7 8 
AW352487 profilin 5 0.5946 0.0002 0.0084 0.7195 7 8 
AI714438 proteasome subunit alpha type 3 0.8138 0.0004 0.1111 0.2349 7 \ 8 
BG841261 protein phosphatase 1 0.9634 0.0004 0.0172 0.8952 7 8 
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BG842503 proton-exporting ATPase 0.3561 0.0001 0.0464 0.5153 7 
AW091311 putative 50S ribosomal protein L13 0.0029 0.0004 0.0724 0.5897 7 
AW065781 putative 60S ribosomal protein ... 0.1698 0.0001 0.1745 0.0332 7 
AI586799 putative 60S ribosomal protein L38 0.0265 0.0002 0.0053 0.0685 
AI739806 putative 60S ribosome subunit bi... 0.1431 0.0001 0.5039 0.4295 7 
BG841559 putative adenylate kinase 0.2288 0.0002 0.6817 0.9538 7 
Al621936 putative aldose reductase 0.143 0.0001 0.3448 0.3073 7 
AI666143 putative aminopropyl transferase 0.3663 0.0003 0.5087 0.2388 7 
AW017895 putative aminopropyl transferase 0.6042 0.0001 0.2114 0.2138 7 
BG842477 putative arginine/serine-rich sp... 0.486 0.0002 0.954 0.0846 7 
AI881290 putative beta-D-galactosidase 0.0459 0.0001 0.1728 0.272 7 
Al 665529 putative carboxypeptidase 0.0372 0.0001 0.0234 0.0231 
AI657300 putative cinnamyl-alcohoI dehydr... 0.003 0.0001 0.0027 0.1102 7 
BG842416 putative cytidine deaminase 0.0094 0.0002 0.0011 0.0774 
AW438194 putative dehydrogenase 
Putative dihydroflavonal-4-
0.0402 0.0001 0.4755 0.8969 7 
Al665424 reductase 0.0001 0.0037 0.3374 0.6862 
Al920336 putative flavonoid 3,5-hydroxy... 0.0013 0.0023 0.1789 0.0001 7 
AW017905 putative FtsH protease 0.8492 0.0001 0.4876 0.5557 7 
BM078217 putative G-box binding protein 0.0049 0.0001 0.005 0.3845 
AW000543 putative GTP-binding protein 0.3753 0.0001 0.2222 0.6824 7 
BG842431 putative GTP-binding protein 0.811 0.0001 0.5485 0.5685 7 
AW065433 putative H+-transporting ATPase 0.7698 0.0001 0.9608 0.6324 7 
AW453362 putative H+-transporting ATPase 
Putative homeodomain-leucine 
0.3473 0.0001 0.2076 0.0331 7 
AI714842 zip... 
Putative homeodomain-leucine 
0.0518 0.0001 0.012 0.6496 9 
BG842824 zip... 0.0049 0.0004 0.0001 0.1463 9 
Al901998 putative hydrolase 
putative inorganic 
0.0003 0.0036 0.6812 0.7934 7 
BG841376 pyrophosphatase 0.3524 0.0001 0.4022 0.8036 7 
AW120367 putative microtubule-severing pr... 0.2717 0.0002 0.2074 0.9475 7 
BM078799 putative NADH dehydrogenase 0.0532 0.0002 0.7609 0.2202 7 
BG840418 putative NADH dehydrogenase 0.0107 0.0001 0.9628 0.8282 7 
Al941557 putative phosphoribosylanthranil... 0.9938 0.0001 0.1578 0.9737 7 
BG874095 Putative Phytosulfokines precursor 0.2572 0.1187 0.0001 0.1192 
AW330711 putative plastidic ATP/ADP-trans... 0.2182 0.0001 0.0087 0.0758 7 
AI987539 putative protein 0.0001 0.0002 0.5713 0.2893 7 
AW455727 putative protein 0.0002 0.0753 0.4908 0.006 7 
AI714987 putative protein 0.7905 0.0001 0.6178 0.3165 7 
BM072930 putative protein 0.3825 0.0003 0.6892 0.372 7 
BM341088 putative protein 0.0087 0.0001 0.0547 0.5975 9 
AW120334 putative protein 0.3575 0.0001 0.0195 0.0147 3 
Al834037 putative protein 0.0005 0.0001 0.0828 0.9015 9 
AW400239 putative protein 0.0622 0.0002 0.0017 0.3865 7 
Al665557 putative protein 0.0223 0.0002 0.0811 0.7146 7 
AI947782 putative protein 0.0025 0.1829 0.0003 0.0369 7 
AW146599 putative protein disulfide isome... 0.1726 0.0001 0.0117 0.1168 9 
BG840435 putative protein disulfide isome... 0.9875 0.0002 0.0425 0.307 7 
Al649601 putative protein kinase SPK-3 0.0083 0.0001 0.0027 0.3495 7 
AI964625 putative protein translation fac... 0.0751 0.0001 0.0004 0.1564 7 
AI734611 Putative purine permease ycdG 0.2632 0.0002 0.0082 0.6097 7 
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AW053089 Putative Ras-related protein Rab 
putative receptor-like protein 
0.0411 0.0003 0.1784 0.1872 7 8 
AI668250 kinase 0.6966 0.0001 0.0222 0.202 7 8 
AI737368 Putative RNA-binding protein 
putative Rop family GTPase, 
0.4046 0.0001 0.794 0.0921 7 8 
AI714717 ROP4 0.1761 0.0001 0.0874 0.493 7 8 
BM075308 putative symbiosis-related protein 0.9616 0.0003 0.0086 0.1383 7 8 
BG841246 putative syntaxin 0.0762 0.0004 0.7187 0.9534 7 8 
BG841290 putative transaldolase 0.0066 0.0001 0.0001 0.3893 7 8 
BG842101 putative translation initiation ... 0.6027 0.0001 0.2533 0.8281 7 8 
AW037073 putative U2 snRNP auxiliary factor 0.0244 0.0004 0.9173 0.1681 7 8 
AW036945 putative ubiquinol-cytochrome-c... 0.0061 0.0008 0.0001 0.7881 8 
AI491571 putative UDP-glucose 4-epimerase 0.2516 0.0001 0.1894 0.9227 7 8 
BG841494 putative von Hippel-Lindau bindi... 0.8506 0.0001 0.2344 0.7182 7 8 
AW018194 putative von Hippel-Lindau bindi... 0.0118 0.0001 0.0013 0.2584 7 8 
AW155654 putative WD40-repeat protein 
pyruvate dehydrogenase E1 beta 
0.0101 0.0001 0.0998 0.7754 8 
BG840431 s... 0.0204 0.4961 0.303 0.0001 7 8 
BG840557 Rab1-like small GTP-binding prot... 0.7412 0.0004 0.7848 0.9638 7 8 
BE129820 RACD small GTP binding protein 0.0087 0.0003 0.5732 0.0815 7 8 
BG841111 ras-related GTP binding protein ... 0.4456 0.0001 0.9621 0.1678 7 8 
AW 120371 ras-related GTP binding protein ... 0.6297 0.0002 0.9915 0.113 7 8 
BG842954 reversibly glycosylated polypept... 0.5506 0.0002 0.1925 0.4676 7 8 
BG841075 ribosomal protein 812 0.2998 0.0003 0.1688 0.6539 7 8 
AW453094 ribosomal protein S16 0.0109 0.1536 0.0003 0.0034 7 8 
BM080737 ribosomal protein 828 0.2521 0.0001 0.037 0.0771 7 8 
BG841674 RNA binding protein 0.0024 0.0001 0.0001 0.7185 7 8 
AI734653 S-adenosyl methionine synthetase 0.4431 0.0001 0.0026 0.5131 7 8 
AW400061 S-adenosyl methionine synthetase 0.342 0.0003 0.2783 0.1216 7 8 
BM074182 serine carboxypeptidase-like pro... 
serine/threonine protein 
0.4299 0.0001 0.0162 0.9667 7 8 
Al691820 phosphatase 0.1031 0.0002 0.1323 0.0226 7 8 
BG841696 signal recognition particle 19 k... 0.0708 0.0002 0.0451 0.0183 7 8 
BG873909 Sm protein, putative 0.0762 0.0001 0.7858 0.1448 7 8 
AW155644 small GTP-binding protein 0.2539 0.0001 0.7831 0.0282 7 8 
AW356002 small subunit ribosomal protein ... 0.0312 0.0001 0.001 0.0866 7 8 
AI738163 SOL1 protein 0.0003 0.0001 0.1437 0.8297 8 
AW257928 stearyl-ACP desaturase 0.7182 0.9337 0.0002 0.4609 8 
AW065231 synaptobrevln-like protein 0.0697 0.0002 0.3888 0.5847 7 8 
AI770681 synaptobrevin-like protein 0.1563 0.0001 0.5978 0.491 7 8 
BG841242 TGACG-motif binding factor 0.7711 0.0002 0.0664 0.4804 7 8 
AW356013 thiamine biosynthetic enzyme 0.0148 0.0001 0.0016 0.2221 8 
AI670160 thioredoxin h 0.4484 0.0004 0.0068 0.1772 7 8 
AW155848 thioredoxin m 0.0598 0.0001 0.181 0.6487 7 8 
AW018249 TOM 0.5016 0.0003 0.018 0.2079 7 8 
AW09Ô921 translation initiation factor 0.245 0.0001 0.0037 0.2406 7 8 
AW231536 triosephosphate isomerase 1 0.6608 0.0001 0.0128 0.1382 7 8 
AI738217 ubiquitin carrier protein 4 0.7533 0.0003 0.0662 0.9363 7 8 
BG842782 ubiquitin conjugating enzyme 0.3605 0.0001 0.5248 0.2934 7 8 
AW330674 ubiquitin conjugating enzyme 0.7683 0.0003 0.5263 0.2164 7 8 
AI714705 ubiquitin conjugating enzyme 2 0.2205 0.0001 0.4334 0.9755 7 8 
BG842475 ubiquitin-conjugating enzyme 0.4492 0.0001 0.6546 0.125 7 8 
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ubiquitin-conjugating enzyme 
BG842844 OsU... 0.8703 0.0001 0.2449 0.1579 7 
AI714439 
ubiquitin-conjugating enzyme 
OsU... 0.9233 0.0001 0.1116 0.983 7 
AI947489 
ubiquitin-conjugating enzyme 
OsU... 0.5902 0.0001 0.0951 0.3884 7 
AI691423 
ubiquitin-conjugating enzyme 
OsU... 0.5257 0.0001 0.0888 0.2541 7 
AI964630 ubiquitin-like protein 0.3049 0.027 0.0004 0.2004 7 
AW330985 
UDP-glucuronic acid 
decarboxylase 0.0003 0.0002 0.0588 0.9926 9 
BG873827 unknown 0.0001 0.0001 0.0474 0.6198 9 
BG840152 unknown 0.0007 0.0001 0.0008 0.072 7 
BE130002 unknown 0.6318 0.0001 0.0177 0.7411 7 
AW055395 unknown 0.0045 0.0001 0.0603 0.4256 7 
AW042390 unknown 0.1595 0.0001 0.0089 0.8635 7 
AW146604 unknown 0.0928 0.1158 0.0004 0.67 7 
AW054169 unknown protein 0.0085 0.0001 0.1641 0.1365 7 
AI714382 unknown protein 0.279 0.0001 0.8169 0.3419 7 
Al770815 unknown protein 0.0584 0.0001 0.0587 0.6676 7 
BM073403 unknown protein 0.001 0.0001 0.0022 0.3345 9 
AI947355 unknown protein 0.0133 0.0001 0.6953 0.0072 3 
BE129935 unknown protein 0.5366 0.0001 0.0713 0.5491 6 
AW091344 unknown protein 0.0966 0.0001 0.0252 0.9218 
AI770872 unknown protein 0.3607 0.0002 0.4074 0.073 
Al622352 unknown protein 0.0982 0.0001 0.0522 0.0026 
BG841480 unknown protein 0.0474 0.0001 0.1551 0.4707 
Al586383 unknown protein 0.5978 0.0001 0.0309 0.6783 
AW146861 unknown protein 0.7158 0.0002 0.0033 0.1504 
AI664916 unknown protein 0.0088 0.0003 0.0862 0.9354 
AI649614 unknown protein 0.0462 0.0002 0.0059 0.96 
BM347533 unknown protein 0.3794 0.0002 0.1936 0.315 
AW065260 unknown protein 0.677 0.0001 0.4372 0.855 
AI973391 unknown protein 0.1389 0.0001 0.0074 0.9115 
BM080247 Unknown protein 0.1131 0.0001 0.0728 0.4515 
AW126450 unknown protein 0.1197 0.0004 0.0584 0.3184 
BG873632 Unknown protein 0.0812 0.0001 0.2257 0.8252 
AI947757 unknown protein 0.1106 0.0004 0.0191 0.0297 
AI770460 unknown protein 0.0037 0.0001 0.094 0.6834 
BM072754 unknown protein 0.0552 0.0001 0.3125 0.5498 
AW438261 unknown protein 0.009 0.001 0.0004 0.5419 
AI948315 unknown protein 0.4204 0.0008 0.0004 0.1641 
AW216185 unknown protein 0.8774 0.7101 0.0004 0.1289 
AI795293 unnamed protein product 0.0004 0.0002 0.367 0.9648 
AW090991 unnamed protein product 0.8648 0.0001 0.2586 0.5714 
Al668193 vacuolar H+-pyrophosphatase 0.6585 0.0001 0.0395 0.1672 
AW330824 zinc finger protein 0.0001 0.0001 0.0111 0.8889 
AI649723 zinc finger protein 0.1563 0.0001 0.6046 0.0868 
AW066581 ZIP4, a putative zinc transporte... 0.6136 0.0002 0.5011 0.9507 
AW331496 0.0001 0.0005 0.0248 0.0146 
AW331525 0.0004 0.0049 0.002 0.0477 
AW331474 0.0001 0.0001 0.0008 0.0265 
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AI603694 0.0001 0.0001 0.0172 0.5528 9 
AW091356 0.058 0.0003 0.6509 0.8114 
AI737424 0.2004 0.0001 0.0516 0.5525 
AI668199 0.358 0.0001 0.0118 0.0156 
AI657370 0.9289 0.0002 0.9533 0.7153 
BM335672 0.2349 0.0003 0.7636 0.2886 
BE129663 0.2724 0.0001 0.9719 0.2375 
Al947767 0.0371 0.0001 0.0931 0.7655 
AI855217 0.9308 0.0003 0.2499 0.3764 
AI586661 0.9407 0.0002 0.2822 0.5481 
AI947630 0.7251 0.0004 0.9227 0.1455 
AW257918 0.1625 0.0001 0.066 0.0424 
AI920607 0.0625 0.0001 0.0325 0.6491 
BG841405 0.1964 0.0002 0.0601 0.1551 
AW076160 0.2363 0.0001 0.0804 0.5705 
AI714419 0.7463 0.0002 0.1463 0.7244 
AI715Q28 0.1074 0.0001 0.0344 0.2417 
AI855243 0.223 0.0002 0.0558 0.1305 
AI586397 0.1576 0.0001 0.297 0.6827 
AW065410 0.4517 0.0001 0.3775 0.2402 
AI941681 0.0008 0.0001 0.4047 0.6914 
AW120357 0.0869 0.0001 0.5135 0.1634 
AI734638 0.7329 0.0001 0.0071 0.4485 
AI861751 0.6426 0.0001 0.0056 0.2169 
AW330963 0.001 0.0002 0.7718 0.6635 
Al691471 0.0261 0.0001 0.6325 0.0596 
BG842881 0.8533 0.0001 0.4218 0.986 
AI621513 0.5928 0.0003 0.9563 0.0268 
BM072774 0.3182 0.0002 0.0262 0.7796 
AI783436 0.0748 0.0002 0.01 0.6254 
AI861221 0.7108 0.0001 0.0062 0.4431 
AI978030 0.0088 0.0004 0.0319 0.407 
AI977990 0.0053 0.0001 0.0001 0.0021 
AW331214 0.1093 0.0002 0.0126 0.4621 
AW055502 0.077 0.0001 0.0482 0.5069 
AW355977 0.019 0.0001 0.8234 0.225 
Al600964 0.2975 0.0001 0.0004 0.5419 
Al861542 0.5662 0.0004 0.0085 0.2826 
AI600296 0.2627 0.0001 0.0009 0.2104 
AI891221 0.1097 0.0002 0.0079 0.7747 
AI714852 0.3897 0.0001 0.2651 0.5673 
BM351076 0.1019 0.0002 0.5456 0.9838 
Al947328 0.0499 0.0002 0.9174 0.4011 
AI999933 0.3694 0.0001 0.6823 0.2969 
AI739812 0.7659 0.0001 0.8903 0.6535 
AI948008 0.6788 0.0002 0.7543 0.2721 
AI619234 0.1377 0.0003 0.0291 0.4642 9 
Al600321 0.3902 0.0001 0.0095 0.2908 7 
BG840416 0.1444 0.0002 0.2157 0.7557 9 
AW065225 0.2106 0.0002 0.0534 0.7004 9 
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AI691932 0.1762 0.0002 0.9107 0.5558 7 8 
AI902054 0.0998 0.0004 0.0079 0.4475 7 8 
BG840306 0.8737 0.0001 0.0317 0.0248 7 8 
AI691332 0.0036 0.0002 0.0063 0.6941 9 8 
AI691237 0.0009 0.0002 0.0031 0.1361 9 8 
Al586400 0.9288 0.0001 0.0086 0.3277 7 8 
Al977831 0.0013 0.0001 0.1215 0.7912 9 8 
AI948173 0.477 0.0001 0.0097 0.765 7 8 
AI622481 0.3097 0.0001 0.1693 0.6004 7 8 
AI941916 0.0027 0.0001 0.1717 0.0499 9 8 
AI737246 0.4033 0.0004 0.3884 0.6841 7 8 
AI964639 0.8107 0.0002 0.0413 0.6628 7 8 
Al600636 0.0015 0.0003 0.0021 0.3107 9 8 
Al600629 0.3871 0.0001 0.707 0.4002 7 8 
BG840521 0.3044 0.0002 0.0094 0.454 7 8 
BM268978 0.2045 0.0001 0.0447 0.435 7 8 
AI947338 0.5894 0.0001 0.8326 0.0868 7 8 
AI738369 0.0404 0.0001 0.4448 0.5394 7 8 
Al600627 0.3603 0.0001 0.0004 0.4792 7 8 
AI901549 0.0051 0.0002 0.0006 0.1815 9 8 
BM334179 0.0164 0.0001 0.0004 0.1458 9 8 
AI783266 0.1425 0.0001 0.0003 0.0246 7 8 
AI734748 0.0548 0.0001 0.8917 0.5949 7 8 
AI964614 0.1405 0.0001 0.0002 0.9427 7 8 
AI621496 0.0086 0.0001 0.0926 0.9307 7 8 
BG841262 0.7131 0.0002 0.0095 0.5891 7 8 
AI691658 0.0027 0.0001 0.4266 0.7317 7 8 
Al947864 0.0813 0.0003 0.0107 0.0726 7 8 
AI947760 0.0061 0.0001 0.005 0.6578 7 8 
AW067103 0.0098 0.0001 0.2314 0.0902 7 8 
BG841476 0.0463 0.0001 0.0035 0.3147 9 8 
Al715058 0.0013 0.0001 0.0066 0.6525 9 8 
BG841562 0.9042 0.0002 0.0082 0.5957 7 8 
BG841646 0.5017 0.0001 0.6423 0.5892 7 8 
AW056378 0.0118 0.0001 0.1773 0.845 7 8 
AW056388 0.7329 0.0002 0.0218 0.1821 7 8 
AW126583 0.0296 0.0001 0.0667 0.607 7 8 
AI734516 0.1816 0.0001 0.3722 0.7554 7 8 
Al734461 0.5918 0.0001 0.0222 0.9253 7 8 
AI622624 0.0439 0.0001 0.2708 0.5173 7 8 
BG842206 0.1246 0.0002 0.7201 0.8381 7 8 
AI737208 0.1798 0.0003 0.009 0.9676 9 8 
AW179499 0.0015 0.0001 0.466 0.7933 7 8 
AW056344 0.1358 0.0001 0.0224 0.6822 7 8 
AI948100 0.0122 0.0001 0.0011 0.8208 7 8 
AI891217 0.3309 0.0001 0.2903 0.2574 7 8 
AW455705 0.6437 0.0001 0.0194 0.3996 7 8 
BG842421 0.0632 0.0003 0.7382 0.2554 7 8 
AW424662 0.177 0.6766 0.0004 0.0001 7 8 
AI586776 0.7123 0.0108 0.0003 0.124 7 8 
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AW330590 0.2701 0.0007 0.0001 0.4091 7 8 
AI783300 0.13 0.1732 0.0001 0.7421 7 8 
AW056315 0.6497 0.4333 0.0001 0.1304 7 8 
BG840372 0.6908 0.9978 0.0407 0.0001 7 8 
AI600689 0.2569 0.2699 0.8813 0.0002 7 8 
AW331498 0.0961 0.1054 0.0516 0.0003 7 8 
AI664984 19kD alpha zein B2 0.2583 0.0001 0.0039 0.094 5 9 
AW224848 AT5g19150/T24G5_50 0.2925 0.0001 0.0071 0.1542 5 9 
AI737052 cinnamoyl-CoA reductase 
contains ESTs 
0.0228 0.0001 0.0015 0.0263 5 9 
AI901677 C27514(C52086),AU0... 0.0248 0.0001 0.0017 0.0099 5 9 
A1668207 putative cytochrome P450 0.5747 0.0001 0.0124 0.1195 5 9 
AI737053 putative GAR1 protein 0.0832 0.0001 0.0006 0.0438 5 9 
AI737092 putative protein 0.2178 0.0001 0.0016 0.0153 5 9 
BM338558 putative protein 0.5666 0.0001 0.012 0.1619 5 9 
AW216089 RNA-binding protein, putative; 3... 0.144 0.0001 0.0152 0.2293 5 9 
Al665508 unknown protein 0.4107 0.0001 0.0007 0.0577 5 9 
AW258027 unknown protein 0.0264 0.0001 0.0001 0.0009 5 9 
BM337709 0.2153 0.0001 0.0006 0.0762 5 9 
AI665454 0.1579 0.0001 0.001 0.0454 5 9 
BM073916 0.1485 0.0001 0.0003 0.0099 5 9 
Al665510 0.2678 0.0001 0.0004 0.0149 5 9 
BM269474 0.3171 0.0001 0.0155 0.2905 5 9 
AW037076 0.0248 0.0001 0.0002 0.0964 5 9 
AW331649 0.4029 0.0001 0.0011 0.0467 5 9 
AI901671 0.5694 0.0001 0.0119 0.1242 5 9 
AW224861 0.0539 0.0001 0.0006 0.0114 5 9 
BG841255 auxin-induced protein, putative 0.0005 0.0003 0.0001 0.0016 9 10 
AI665019 B1146F03.23 0.0003 0.0001 0.0004 0.7434 9 10 
BE025333 carbonic anhydrase 0.3708 0.1987 0.0001 0.0371 9 10 
BM347924 contains similarity to ankyrin-g... 0.0025 0.0001 0.046 0.1414 9 10 
AW120157 contains similarity to ATP/GTP n... 0.2191 0.0001 0.0001 0.9452 9 10 
AW424671 
emb|CAB86085.1-gene id:MUF9. 
21-s... 0.0007 0.0001 0.0001 0.3212 9 10 
BG841716 helix-loop-helix-like protein 0.0118 0.0001 0.0001 0.1492 9 10 
Al770454 
homocysteine S-
methyltransferase-2 0.0017 0.0001 0.0096 0.0708 9 10 
AI901839 hypothetical protein 0.0138 0.0001 0.0001 0.5541 9 10 
BE128884 MDR-like ABC transporter 0.0256 0.0058 0.0002 0.0018 9 10 
AI834014 OJ1058_A12.27 0.0014 0.0001 0.0001 0.3099 9 10 
Al861370 OJ1316_A04.15 0.0003 0.0001 0.0004 0.2666 9 10 
AW000464 pathogen-related protein 0.1119 0.0001 0.0059 0.6074 9 10 
Al649828 
photosystem I complex PsaH 
subun... 0.6991 0.3626 0.0001 0.9661 7 10 
AW331131 putative beta-D-galactosidase 0.0013 0.0001 0.0052 0.6282 9 10 
BM074404 putative G-box binding protein 0.0001 0.0001 0.0005 0.0013 9 10 
AW065333 
putative mannose-6-phosphate 
iso... 0.4212 0.8419 0.0002 0.6012 9 10 
AW399855 putative phytase 0.2595 0.5736 0.0001 0.0167 9 10 
BE056891 putative SF16 protein {Hellanthu... 0.0013 0.0001 0.0073 0.0071 9 10 
BG841251 putative transaldolase 0.0404 0.0001 0.0001 0.9361 9 10 
AW400278 putative transformer-SR ribonucl... 0.0008 0.0001 0.0001 0.7653 9 10 
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Table 1. (Continued) 
Accession# Annotation 11 DP-value 14DP-value 18DP-value 25DP value Kmeans Ward 
BM079296 putative vesicle soluble NSF att... 0.0583 0.0001 0.0149 0.044 9 10 
BG842278 thaumatin-like protein 0.4853 0.0815 0.0004 0.3022 9 10 
Al948098 unknown 0.0005 0.0001 0.001 0.7448 9 10 
BG841454 unknown protein 0.0004 0.0001 0.0005 0.3212 9 10 
BM078985 unknown protein 0.0016 0.0001 0.0008 0.214 9 10 
Al855244 unnamed protein product 0.0078 0.0001 0.0085 0.7545 9 10 
AW257879 unnamed protein product 0.0211 0.9448 0.0001 0.0429 9 10 
AW126499 zwh13.1 0.0064 0.0001 0.0048 0.1646 9 10 
AI943741 0.0001 0.0001 0.0001 0.1775 9 10 
Al964653 0.0001 0.0001 0.0001 0.7154 9 10 
BG841693 0.0009 0.0002 0.0025 0.0005 9 10 
AW091170 0.0312 0.0001 0.0287 0.8493 9 10 
BM335888 0.0261 0.0001 0.0834 0.1547 9 10 
AI941816 0.0048 0.0001 0.0104 0.0347 9 10 
AI901806 0.0029 0.0001 0.0008 0.3823 9 10 
Al964592 0.118 0.0001 0.002 0.3852 9 10 
BG842344 0.0251 0.0001 0.016 0.7 9 10 
Al461549 0.0021 0.0001 0.0003 0.5161 9 10 
AI738209 0.0713 0.0004 0.0024 0.1505 9 10 
AI586705 0.1838 0.0001 0.0003 0.6285 9 10 
Al770835 0.6897 0.2994 0.0004 0.3671 9 10 
Al901533 0.0013 0.0009 0.0001 0.1397 9 10 
Al978200 0.0079 0.0162 0.0001 0.1425 9 10 
AI637120 0.234 0.1298 0.0002 0.1598 9 10 
AW120184 0.0274 0.1132 0.0001 0.0055 9 10 
AW324628 0.1639 0.2112 0.0001 0.0358 9 10 
BM074457 0.0517 0.0129 0.0004 0.0756 9 10 
AW146754 0.1096 0.0061 0.0001 0.1164 9 10 
BM333881 0.2487 0.7617 0.3672 0.0001 2 10 
A 
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B 
Prin 1 
Fig 3 Cluster analysis of genes differentially expressed in at least one time point. 939 genes 
are classified into 10 groups according to their expression patterns across the four time 
points. A: Ward hierarchical clustering. Lane 1: 11DAP; lane 2: 14DAP; lane 3: 18DAP; 
lane 4: 25DAP. Low ratios are indicated in green, medium ratios are indicated in black, and 
high ratios are indicated in red. B: K-means clustering. 
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TATGGTAGTACAATTTGGGAGCTATTAGGGACAGGGCCATACAACATGCATGATAACTTA 
TTGAGTTTGGGTAAAATGTGCCAATACTTGTTTCATTGGTAAGAACTTGCATTTATGATA 
ATTTTATGATTTAGATGGTTTTAAAATAAGAATGTTCGCTTTAGACTAAAGTCGGCTATT 
CGGACAGATGTAGCTGCAATCTATAAAGACAAAACACGGTAGAAGTATTAGAAGCCGGTA 
CATAT TAAAACCAAGCGAACAAGCAATTATAAATAAAATAAATGCGAATACATTTTATTT 
AATATTTATATTTAAATCAAATATGAATATGCATATCTGTAACACTAATGGATACCGGGT 
GTGAAACATCTGCATCCATAATTGCATATCTACCACCGTCCACCGAGCCTGTATGACTGT 
Agg^gCGGAGCTGGATGGCTTCGAAAAGCCCGGCAGCCGCTGTCCAGTCCGACGCAG 
CTCCACGATTGCGTTCAGTCCCTTCCCGGGTCAACCCGCgggJHHHhCCCACTCAC 
CGGGCCACGGATCGTGTGGCCGCCCGGACACGGCGGGCGGGCCCCCAGGCCCACGAGGCG 
GATCCCGAGCCCCGTGCCGACTCGGACGCGCCTCCCTCGCTTTCATCGCGAGATACGCGC 
GGACGGCCGCGCGCCGCTGGTCTGGTCGTCATGACAGTCGCCGCCGCCTCGTCCCACCCG 
ACCTGAACCCCGCACCGTGACAGCCACGGCCCACCGGACGCGGGACCCTCATGTCGGCGG 
GCACGCHHGCCCCCGCATCGGCGTCGTTGCCTCGCCAAGGCCGACGCGGATCHHH 
@TCCCGCGTCACCATCCATTTGACGAGGCGGTTTATCCCCCAGGACCCCAACCAACCTTT 
%000m§CACCGGGTTTCTGTCCGCGCCCCGCCCTTCAAAAGCAGGTCCGCACGCC 
GGCCGGCGAGACGAGACGACACCACCACGCCGGGACGGGAGGCACAGGTGCGGTCTGCGT 
CGAGAGTTGGTCCACTGGCAGGCCGGAATGAAGAAGTGCGCGTCGGAGCTGGAGCTGGAG 
GCGTTCATCCGGGAGAGCGGCGAGGACGCCCGCGCCGCCGCCGGAGGTAGCAGTCCGGGG 
TGCGGTGGATCAAGCGATCCCGGAGGGAGCGGCGTCTTCTCACCCGGCTTCGGTTTCGCC 
GACTCGGTGAGCACTGCCAACCACGAGCAATGTGATTGCAGC|^gGCGGCAACTCTCGC 
AACTGAAAATGCATCTGTGCT0gCAAAGAAGATAGGTAGAGTTCGCTACACTTAATTG 
TGATTTCATTAACGAAGGATCTTCTCGCGCCCGAGCAGGACACCATGGATGGAGGCAGTT 
GGTGGTACGGGAJUICCGCACGCCGAACCCAGTCA 
1 CACAGGTGCGGTCTGCGTCGAGAGTTGGTCCACTGGCAGGCCGGA 
4 6 atgaagaagtgcgcgtcggagctggagctggaggcgttcatccgg 
M K K C A S E L E L E A F I R  
91 gagagcggcgaggacgcccgcgccgccgccggaggtagcagtccg 
E S G E D A R A A A G G S S P  
136 gggtgcggtggatcaagcgatcccggagggagcggcgtcttctca 
G C G G S S D P G G S G V F S  
181 cccggcttcggtttcgccgactcggacaccatggatggaggcagt 
P G F G F A D S D T M D G G S  
226 tggtggtacgggaacgtccgcacgccgaacccagtcatgtcgcag 
W W Y G N V R T P N P V M S Q  
271 gcggcgtccatatccgctagccccgggctaaccacctcagccaat 
A A S I S A S P G L T T S A N  
316 catgctcttgaaagcgagtcagactccgacagcgaatcactgtat 
H A L E S E S D S D S E S L Y  
361 gaggtagagggagttccatacgagcgaggtaacagatccattgag 
E V E G V P Y E R G N R S I E  
4 06 acgaagcgaataagaaggatggtgtccaatagggagtctgcgcgg 
T K R I R R M V S N R E S A R  
4 51 cggtctaggaggaggaaacaggcacagttgtctgaccttgagtca 
R S R R R K Q A Q L S D L E S  
4 96 caggttgaacgactcaaaggtgaaaacgcaacactgttccagcaa 
Q V E R L K G E N A T L F Q Q  
541 ctttcagatgccaaccaacagttcagtactgcagtcacagacaac 
L S D A N Q Q F S T A V T D N  
58 6 agaatcctcaaatccgatgtagaagcgttaagaattaaggtaaag 
R I L K S D V E A L R I K V K  
631 atggcagaggatatggtagcgagaagtgctgtatcgtgtggccta 
M A E D M V A R S A V S C G L  
676 ggcgaccttggcctggcaccatacgtgaactcaaggaagatgtgc 
G D L G L A P Y V N S R K M C  
120 
721 caagctttgaatgtgctcacagggttggatttactagggagtgat 
Q A L N V L T G L D L  L G S D  
766 gcgttcaggggtccaaccgcaggtacacgagtacagaactcacca 
A F R G P T A G T R V Q N S P  
811 gtacagagcactgcaagcctagagagtctggataaccgaaagtcc 
V Q S T A S L E S L D N R K S  
856 aacgaggtgaccagttgcgcggcggacatttggccttca 894 
N E V T S C A A D I W P  *  
GCTTCAAGCCATTGATCTGATTCAAAGCTTGCTCCACCCTCAAAAAAAGGAC 
CAGAGTTTGTCAACTCAAATAGCTGGTGGCTTGAGCAGAGCTTCTGGCACGAGTTCTCTT 
GAACCATATTTCCACATAAGCTTTATAGGATGCATCACTCTTTTGATGTCACTTAGTTTC 
AAGTATAAAATGAAGCTGTCTTTGTACAAAGCTGCAAATGAGAAGTAAATGAAACGTCCT 
GGACAAACTTGTGAAGTAGGAATGATACATAGGCTCTATTTCCAGGTCAGATGAGACAGT 
TATGTTTACAACA 
Fig 4 Nucleotide of 5'-proximal region, cDNA sequence, and derived amino acid sequence 
of BE 130026. The five families of potential cis- acting motifs and the putative TATA box 
are indicated with different color. 
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Accession# B45 o2 B46 o2 Ml4 o2 
18s rRNA i*»  ^
o2 
BEI 30026 
G-box 
Thioredoxin 
Fig 5 Comparison of transcripts in three pairs of genetic lines using RT-PCR 
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15kD zein 22kD zein 27kD zein 18kD zein 19kD zein 
g - I •S « -
Time 
19kD zein 19kD zein 19kD zein 19kD zein 19kD zein 
1 
Time 
Fig 6 Temporal expression pattern of ten zein genes. Wild type is black line and o2 mutant 
in red line. 
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Chapter 4: Transcript levels and zein content of transgenic maize 
expressing the wheat Glu-lDx5 transgene 
Hongwu Jia, Dan Nettleton, Paul Scott 
A paper to be submitted to Transgenic Research 
Abstract 
The objective of transforming a wheat Glu-lDx5 gene into maize is to manipulate the 
protein content of maize endosperm and alter the properties of maize flour. In order to 
understand the impact of the Glu-lDx5 protein on maize dough property, the level of 
expressed Glu-lDx5 protein was first quantified. High expression of transgene Glu-lDx5 
was observed by SDS-PAGE and HPLC in the F4 generation from two transgenic events, 
097 and 190. A peak reacting with a Glu-lDx5 antibody in an HPLC chromatograph of 
alcohol soluble proteins can be observed, in Glu-lDx5 transgenic endosperm but not in non-
transgenic endosperm. Quantification of the protein level of Glu-lDx5 using HPLC showed 
that it accounts for 2.0% and 2.4% of total protein and 4.6% and 4.0% of alcohol soluble 
protein of immature endosperm in events 097 and 190, respectively. HPLC analysis 
indicated that zein levels were lower in endosperm containing Glu-lDx5 in event 190 and 
higher in event 097. Analyses of the differences in nitrogen content between transgenic 
endosperms and non-transgenic endosperms from both events confirmed the HPLC results. 
To expand our understanding of the global expression changes caused by the insertion of the 
transgene Glu-lDx5, endosperm maize cDNA microarrays were used to study the 
differences in expression patterns between transgenic and non-transgenic endosperms 
generated on the same ear. Twenty-five differentially expressed genes were identified in 
event 190. Two 22kD a-zeins with statistically significant differences in transcript levels was 
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also identified, which is in agreement with the HPLC result. Only one potentially affected 
gene was detected in event 097. These data suggest that the transgene Glu-lDx5 has a 
relatively small effect on gene expression in transgenic endosperm at the genome wide level. 
Introduction 
Maize flour lacks the extensibility and elasticity exhibited by wheat, limiting its use 
in the food industry. These properties are controlled by a large extent by the seed protein 
content of the grain. We set out to manipulate maize seed protein content by introducing a 
gene from wheat called Glu-lDx5 into transgenic maize. Like the major seed storage 
proteins of maize, this protein is a prolamin-class (alcohol soluble) seed storage protein. The 
1DX5 protein however, is from the high molecular weight glutenin family and homologs of 
this protein have not been reported in maize. In wheat, 1DX5 contributes to the elasticity of 
wheat dough (Shewry et al., 1989). By introducing this protein into maize, we hope to 
develop maize with flour characteristics more like those of wheat. This work also provides 
an opportunity to examine the effects of perturbing the seed storage protein content in maize 
endosperm, and may therefore lead to insights into the process of protein deposition. 
The inheritance and functional expression analysis of Glu-lDx5 transgenic maize has 
been reported (Sangtong et al., 2002). In this paper, we analyzed the expression of the 
transgene Glu-lDx5 in the F4 generation. HPLC has been used successfully for 
quantification of alcohol soluble proteins in maize endosperm (Paulis et al., 1991; Wilson, 
1991 ; Dombrink-Kurtzman, 1994). This method has also been used in wheat to examine 
glutenin levels (Lookhart and Bietz, 1994). We used of this technology to quantify the Glu-
1DX5 protein level in transgenic endosperm. 
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It has been argued that the introduction of additional genetic material into the plant 
genome may cause detrimental changes to cell metabolism by disrupting host systems or by 
activating its defense mechanisms. In order to gain optimal benefit from transgenic 
technology, it is necessary to develop a good understanding of the possibility of undesired 
effects to gene expression and plant composition (Kieran and Zac, 2001). It is therefore 
important to identify changes to gene expression caused by insertion of a transgene and to 
characterize these changes. Transcript profiling methods such as microarray technology can 
facilitate a complete and comparative analysis of transcript levels of thousands of genes 
simultaneously. Furthermore, transgene expression can be influenced by the environment in 
which the plants are produced (Witold et al., 2001). We designed the experiment so that the 
environmental effect is minimized by evaluating transgenic and non-transgenic kernels from 
the same ear. 
Two transcription factors have been identified that regulate transcription of the zein 
seed storage proteins in maize. The maize gene Opaque 2 encodes a basic leucine zipper 
(bZIP) transcription factor that binds to the sequence CCACGTAG in 22 kD a-zein promoter 
and activates their transcription (Schmidt et al., 1992; Ueda et al., 1992). PBF (Prolamin-box 
Binding Factor), a bZIP transcription activator, binds to a TGTAAAG motif also present in 
22kD zein gene promoters. It has been shown that 02 interacts with PBF in vitro (Vicente-
Carbajosa et al., 1997). Interestingly, the Glu-lDx5 promoter region contains an ACGT 
motif (TTACGTGG) followed by a potential prolamin-box motif (TGCAAG) that could 
possibly serve as binding sites for the maize transcription factors Opaque2 and PBF 
(Holdsworth et al., 1995; Albani et al., 1997; Vicente-Carbajosa et al., 1997). Functional 
seed-specific expression of Glu-lDx5 in maize with its wheat promoter also supports the 
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hypothesis that those motifs in the wheat Glu-lDx5 promoter are the targets of the maize 
endosperm-specific 02 regulatory complex. It is interesting to investigate the accumulation 
of Glu-lDx5 and zein protein levels in maize endosperm. 
Materials and Methods 
Plant Materials 
All experiments described here are carried out using immature maize endosperm 
tissue which was prepared as follows. The F4 generation of two events of 1DX5 transgenic 
maize (Sangtong et al., 2002), 097 and 190, was grown in the field during the summer of 
2002 at Farm of Iowa State University. Twenty-three days after pollination (DAP), the 
endosperm was carefully removed by dissection, frozen in liquid nitrogen, and stored at -
80°C. 
Detection of Transgene expression 
Expression of 1DX5 in transgenic endosperm was demonstrated by electrophoresis on 
a 12% polyacrylamide gel (Laemmli, 1970). Five micro-liters of protein extract were loaded 
and gels were stained with 0.1% coomassie blue-R-250 in 1% acetic acid and 40% ethanol 
for 0.5 h and de-stained with 40% ethanol and 10% acetic acid. The screen of 1DX5 
transgenic and non-transgenic endosperms from the same ear (Sangtong et al., 2002) was 
carried out using immuno-dot-blot. Five micro-liters of protein extract were pipetted on the 
membrane. Proteins were detected using a polyclonal antibody that reacts specifically with 
1DX5. 
HPLC 
Endosperm fractions were extracted with 70% (v/v) ethanol, 5% (v/v) 2-
mercaptoethanol, and 0.5% sodium acetate in 1.5 ml polypropylene tubes by shaking 2 h at 
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room temperature. Alcohol-extracted proteins were diluted 1:4 with above extraction buffer 
and separated on a RP-C18 column. Chromatography employed mixtures of solvents A 
[99.9% (v/v) acetonitrile+0.1% (v/v) trifluoroacetic acid] and B [99.9% H20+0.1% (v/v) 
trifluoroacetic acid]. lOOul samples were injected into Biocad HPLC system. The UV 
absorbance of the column effluent was monitored at 210 nm (Paulis et al., 1991; Wilson, 
1991; Dombrink-Kurtzman, 1994). Three samples of the transgenic and non-transgenic 
endosperm fractions from each event were analyzed by HPLC. The average area of each 
peak of three samples was computed. A standard curve for converting the 1DX5 peak are to 
protein concentration was obtained by injecting known amounts of E.coli expressed 1DX5 
diluted in series and linear regression was used to quantify the expression of transgene 1DX5 
in F4 progeny. 
Total Nitrogen Analysis 
Five randomly selected transgenic and five randomly selected non-transgenic 
endosperms from one ear were pooled and dried under vacuum. Six such pairs of pools from 
three ears were submitted to the Soil and Plant Analysis Laboratory of Iowa State 
University. The determination of proportion of total nitrogen was carried out by combustion 
analysis with a CHN-2000 (LECO Corp. St. Joseph, MJ) at 95°C. Nitrogen was detected by 
thermoconductivity using a modified Dumas method. 
Isolation of mRNA and Preparation of Labeled cDNA 
For microarray expression profiling, mRNA was extracted from the immature 
endosperm tissue described earlier with the PolyATract System 1000 mRNA isolation kit 
(Promega, Madison, WI) according to the manufacturer's instructions. The mRNA was 
reverse transcribed and directly labeled with Cy3- or Cy5-dUTP (Amersham-Pharmacia). 
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The composition of each labeling reaction (25ul) was: 4j_ig mRNA, 2j_il dNTP Mix (10 mM 
ea. dA, dC, dG, 2 mM dT), 2\il Cy3 or Cy5 dUTP (ImM), 2ul primer oligo dT^ (0.5 |ag/p.l). 
The mixture was incubated at 65°C for 10min, and then transferred to ice. Finally, 8jil 5X 
RT Buffer, 4 |xl 0.1M DTT, 2\x\ Superscript II (Invitrogen), and l(xl RNase inhibitor (lU/ul) 
were added. This mixture was incubated at 42 °C for 90min. Superscript II and mRNA were 
inactivated by adding 5 EDTA (0.5M) and 10 p.1 NaOH (1M) and incubating at 65 °C for 
10min. Then, the reaction was neutralized by adding 10 piHC1 (1M). The unincorporated 
fluorescent nucleotides (Cy3 or Cy5 dUTP) were removed by ultra- filtration using 
Microcon-YM3 devices (Millipore). The filters were washed with 400 p.1 TE and spun at 
12,000 g for 20 min for 4 times. The purified cDNA was eluted with 20 |xl TE. The quality 
of labeled 1st strand cDNA was evaluated by running 1 pi on a 1% agarose gel and the gel 
was scanned by Typhoon fluorescence scanner (Amersham-Pharmacia). 
Microarray Hybridization 
A triplicate dye-swap design was used for the microarray experiment. For a single 
dye-swap experiment, two slides were used. The mRNA of pooled 1DX5 transgenic 
endosperms from one ear was labeled with Cy3, whereas the mRNA of pooled non-
transgenic endosperms from the same ear was labeled with Cy5. The two labeled batches of 
cDNA were mixed together and hybridized to one slide. A second labeling of each batch of 
mRNA was carried out with the dyes swapped relative to the first labeling. mRNA from 
three ears from different transgenic plants was labeled separately to give a total of six 
hybridizations for each comparison. 
Slides of the maize endosperm 605 microarray were obtained from the microarray 
laboratory of the Maize Gene Discovery project as described by Fernandes et al. (2002). 
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Labeled cDNA was hybridized to these slides according to the protocol recommended 
(http://www.maizegdb.org/documentation/mgdp/microarray/protocols.php). Briefly, prior to 
hybridization, slides were rehydrated by placing them (face down) over a 42 °C water bath 
for 5-10 seconds, then dried briefly on a 65 °C heating block for 3-10 seconds until the 
humidity is gone. The DNA was UV-cross-linked at 65 mJ of 254 nm UV light with a 
Stratalinker (Stratagene). The slides were immersed in 1% SDS (5 min) to remove unbound 
nucleic acids and in 95 °C water (2 min) to denature the DNA, then dried with a stream of 
N?. For a single slide, 50 jj.1 of hybridization solution was prepared by mixing 3 pi liquid 
block (Amersham), 5 pi 20X SSC, 2 pi 2% SDS, 20 pi Cy3-labeled probe, and 20 pi Cy5-
labeled probe. The mixture was denatured at 95 °C for 2min, transferred to ice, and then 
centrifuged briefly in a microcentrifuge. The mixture then was placed on the slide to the 
slide and covered with a cover slip (Sigma Hybrislips Z36). The slide was placed in a 
microarray hybridization chamber (Arraylt Hybridization Cassette; Telechem International). 
Hybridization was performed in a water bath at 65 °C for 8-9 hr. After the hybridization, the 
slide was washed for in 2X SSC, 0.5%SDS 55 °C, 5 min, 0.5X SSC room temp, 5min, and 
0.05X SSC room temp, 5min. Then it was dried with a stream ofN% as before. 
The slide was scanned by a laser scanner (ScanArray 5000, GSI Lumonics, 
Wilmington, MA) for both channel 1 (Cy3) and 2 (Cy5) at 10-pm resolution. The channel 1 
and channel 2 images were analyzed using ImaGene 4.1 software (BioDiscovery, Los 
Angeles, CA) to obtain average signal and background intensities for each spot. The 
microarray images and expression data in this study can be found at 
http ://scottlab5. agron. iastate. edu. 
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Microarray Data Analysis 
The raw data containing average signal and background intensities for each spot from 
six slides were integrated into one data file using Microsoft Excel (Microsoft, Redmond, 
WA). The background was subtracted from the signal of each spot first, and then the 
background-subtracted signal intensity of duplicate spots within each slide was averaged. 
With our hybridization and scanning conditions, we consider genes with an intensity mean 
after background-subtraction of over 20 units to be expressed genes. Therefore, data for 
analysis were obtained by filtering the average background-subtracted signal intensity to 
remove spots with a value of less than 20 units. The filtered data was then normalized using 
LOWESS normalization to remove the dye bias (Yang et al., 2002). As described previously, 
a mixed linear model was used to judge if a gene was differentially expressed (Wolfmger et 
al., 2001), however, unlike the previous experiment, we assume constant variance among 
samples. Therefore, before applying the model, Variance Stabilizing Normalization (VSN) 
was used to make the variance more constant (Huber et al., 2002). The linear mixed model is 
as follows and was applied to each gene. 
Yijki=u+Ri+Tj+(RT)ij+A(R)ik+Di+(DT)ij+eijki 
i=l,2,3; j=l,2; k=l,2; 1=1,2 
where Y is the LOWESS and VSN normalized measurement; u is overall mean; R is 
the replication effect; T is the treatment effect (Transgenic vs Non-transgenic); D is the dye 
effect; e is error; RT is interaction between the replicate and treatment effects; A(R) is the 
array effect nested in the replication effect; DT is the interaction of the dye and treatment 
effects; R, RT, A(R), and e are independent random effects and assumed to be normally 
distributed with means zero and variances a2R, a\T,<?2A(R),, respectively. The ^-statistic of 
131 
interest is T = , •1" -2" , where Y, - F, denote the difference of the average 
x'vnr, -  >': '  
normalized signal intensity between treatments (transgenic and non-transgenic), 
Vâr(YÀ -  ^2..)=~^ ^"^^3 ^ and g is the number of genes contained in the data 
set. T is approximately normally distributed and the p-value for each gene was calculated 
based on it. The False Discovery Rate (FDR) method was used to control for the effects of 
multiple testing (Mosig et al., 2001). 
Results 
We set out to manipulate seed protein content by introducing a wheat gene called 
Glu-lDx5 from wheat into corn plants. The first step in reaching this goal is to investigate 
the protein level of the transgene. 
The Glu-lDx5 Transgene Is Expressed in F4 Maize Kernels 
It has been shown that the wheat Glu-lDx5 gene is functional in transgenic maize 
and exhibits inefficient pollen transmission resulting in a 1:1 segregation ratio in progeny of 
self-pollinated heterozygous maize plants (Sangtong et al., 2002). In F4 progeny, strong 
expression of Glu-lDx5 as was observed in the F3 generation (Fig 1 A). This reveals that 
Glu-lDx5 gene is stably inherited and expressed in the 1DX5 transgenic plants. We used a 
high throughput immuno-dot-blot method to screen the positive (transgenic) and negative 
(non-transgenic) kernels from segregating ears (Fig 1 B). Variation in level of 1DX5 in 
different kernels can be observed in both SDS-PAGE and immuno-dot-blot. This might be 
due to the partial silencing of the Glu-lDx5 transgene or post-transcriptional modification of 
expressed Glu-lDx5 protein or mRNA or genetic background effect. The kernels that were 
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identified to have strong expression of Glu-lDx5 by immuno-dot-blot screening were used 
for subsequent analyses. 
Quantification of Glu-lDx5 Immature Endosperm 
The impact of the Glu-lDx5 protein on maize dough property depends on the level of 
Glu-lDx5 that accumulates in endosperm. To determine the level of accumulation of Glu-
1DX5 in the seed, immature endosperms from one ear were separated into transgenic and 
non-transgenic pools by immuno-dot-blot analysis. Three pairs (transgenic and non-
transgenic) of pools were made from each ear, each containing about two endosperms. 
Alcohol soluble proteins from each of these pools samples were extracted and were analyzed 
separately by HPLC (Wilson, 1991). This analysis was carried out with two ears, each 
derived from a different transformation event. The three chromatograms representing 
transgenic samples from one ear were averaged and the three chromatograms representing 
non-transgenic samples from the same ear were also averaged. The resulting chromatograms 
are shown in Fig 2. The transgenic samples contained a peak at retention time twenty 
minutes that was not present in the non-transgenic samples. This peak was collected and 
found to react with the 1DX5 antibody in immuno-dot-blot analysis (data not shown). 
Furthermore, this peak migrates at the same position as E. coli expressed and purified 1DX5 
(data not shown). This evidence indicates that this peak is the Glu-lDx5 transgene product. 
Quantification of the level of Glu-lDx5 in transgenic endosperm was carried out by 
computing the area of the Glu-lDx5 peak and comparing it to a standard curve obtained by 
running known amounts of the E.coli expressed and purified Glu-lDx5 protein on the same 
column. The level of Glu-lDx5 in event 190 is higher than in event 097 as shown in Fig 2. 
By comparing the level of Glu-lDx5 with the level of total protein and alcohol soluble 
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protein, we calculated the percentage of Glu-lDx5. Glu-lDx5 accounts for 2.4% and 2.0% 
of total protein and 4.0% and 4.6% alcohol soluble protein in transgenic maize endosperms 
from 190 and 097 events, respectively. 
The Presence of Glu-lDx5 Affects the Accumulation of Zein Proteins 
Examination of Fig 2 reveals that certain zein proteins were decreased in the 
transgenic endosperm of event 190 relative to the non-transgenic endosperms of the this 
event, whereas certain zeins were slightly increased in the transgenic endosperm of event 
097 relative to the non-transgenic endosperms of the this event. In order to illustrate these 
changes more clearly, the areas of the peaks in the transgenic endosperm chromatograms 
were subtracted from those in the non-trangenic chromatograms. Fig. 3 shows the results of 
these subtractions. In both events, the level of alpha zeins was affected the most. In event 
190, alpha zeins were reduced significantly (p>0.05) by about 33%, while the alpha zeins 
were increased 13% in event 097, a difference that was not significant (Table 1). A Delta 
zein was also increased dramatically in event 190, by about 32%. Although the zein levels in 
the 097 transgenic event tend to increase, all the increases are not significant based on a two 
sample t-test. In event 190, only alpha zein was reduced significantly in transgenic 
endosperm (p-value of less than 0.05). 
The Nitrogen Content in the Endosperm of Transgenic Maize Is Altered by the 
Expression of Glu-lDx5 
The nitrogen content in maize endosperm is highly correlated to zein content. We 
measured total nitrogen content in the same endosperm samples that were analyzed for zein 
content. The quantification of zeins peaks and the proportion of nitrogen content are shown 
in Table 1. In event 190, the total nitrogen content in transgenic endosperm is significantly 
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lower than in non-transgenic endosperm (p-value<0.05), whereas the nitrogen content in 
transgenic endosperm is higher than in non-transgenic endosperm of event 097, but the 
difference is not significant. In light of the correlation between total nitrogen and zein 
content, the differences in total nitrogen content are consistent with the zein content results. 
Expression Profiles of Glu-lDx5 Transgenic Maize 
With the concern of possible unpredicted changes resulting from the insertion of Glu-
1DX5 transgene into the maize genome, we monitored the difference in gene expression 
between transgenic and non-transgenic endosperms using endosperm cDNA microarrays 
from the microarray laboratory of the Maize Gene Discovery project. In order to reliably 
detect differentially expressed genes in microarray experiments, a triplicate dye-swap 
experimental design was used. A linear mixed model was employed for our statistical 
analysis (Wolfinger et al., 2001). Unlike Wolfinger et al., we assume constant variance 
across all genes instead of assuming that each gene has its own distinct variance. By doing 
so, we can pool the variation from all genes to obtain more stable standard errors for 
identification of differential expression (See Materials and Methods for details). Before 
application of the mixed model, LOWESS normalization (Yang et al., 2002) was used to 
remove the global dye effect and Variance Stabilizing Normalization (VSN) was used to 
make the assumption of constant variance reasonable (Huber et al., 2002). 
In event 097, only one gene was identified as differentially expressed according to 
our threshold p-value of less than 0.0001. For the vast majority of transcripts, expression 
appeared unchanged, which is indicated in Fig 4 A. The FDR (false discovery rate) (Mosig 
et al., 2001) is 42% for event 097, which is very high because there was so little differential 
expression in this event. In event 190,25 genes were identified differentially expressed 
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between transgenic and non-transgenic using the same threshold. The significantly up- and 
down-regulated genes are indicated with red color by MA plot in Fig 4 B. Thirteen of the 
identified genes are up-regulated and twelve are down-regulated in transgenic endosperm 
(Table 3 and Table 4). Two 22 kD a-zein genes indicated with green color in Fig 4 b and in 
Table 4 were detected as down-regulated in transgenic endosperm, which is consistent with 
our HPLC results. In this experiment, the FDR is 2%, much lower than in event 097, because 
the changes in transcript levels in event 190 are larger. 
Discussion 
The expression of the transgene Glu-lDx5 is lower in event 097 than in event 190, 
but both are about as high as maize native storage proteins in their respective kernels. Our 
results indicate that the levels of zein, especially alpha zeins, were significantly decreased in 
the transgenic endosperm in event 190, whereas in event 097, the levels of zein protein tend 
to be increased in the transgenic endosperm, but not significantly. Our transcription profiling 
results also show that the expression of 22kD ozein genes was changed in event 190, not in 
event 097. It is interesting to notice that both events contain the same construct driven by 
wheat Glu-lDx5 promoter (Sangtong et al., 2002), but show different effects on zein protein 
levels. One possible explanation for this phenomenon is that the transgene Glu-lDx5 is 
inserted into different regions of the genome in each of these events. 
The Glu-lDx5 promoter region contains an ACGT motif and a P-box like motif 
similar to the 02 and PBF binding sequences in the 22kD a-zein promoter region. It is likely 
that the transgene Glu-lDx5 inserted into an active chromosome region which results in its 
high expression in event 190. Furthermore, the insertion of Glu-lDx5 gene into the active 
region could result in a competition for 02 transcription factor binding. In event 097, 
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however, the transgene Glu-lDx5 is inserted into a different, less active genomic region. 
Therefore, with less competition for transcription factors, its expression won't affect the 
expression of zeins. To explore this idea, we have produced F2 seed of a cross between o2 
and Glu-lDx5 lines. It will be interesting to investigate the effect of o2 on transgene Glu-
1DX5 expression. 
A second possibility to explain above observations is that the protein deposition is 
perturbed in some way. The transgene Glu-lDx5 is specifically expressed in endosperm 
(Sangtong et al., 2002). Glu-lDx5 protein may co-localize with zein proteins affecting their 
deposition and therefore influencing their protein levels. This explanation doesn't explain 
the differences in zein transcript levels observed in event 190. It will be interesting to 
investigate the localization of Glu-lDx5 in protein bodies in both events by immuno-
localization. 
Because the transgenic and non-transgenic kernels that we compared were produced 
on the same ear, environmental effects were minimized. In addition, because this transgene 
is poorly transmitted through the pollen (Sangtong et al., 2002), self-pollination results in all 
transgenic kernels being heterozygous for at the Glu-lDx5 locus, and effects due to the 
dosage of the transgene should be minimized. F4 plants were used for transcription profiling 
analysis so there is relatively little segregation of background loci. Moreover, we averaged 
out this segregation by pooling several kernels in our analysis. These factors increase the 
likelihood of observing differential expression due to the presence of transgene. Our 
microarray results indicate that the global gene expression pattern was not changed 
substantially in both events. Our findings show that it is possible to transfer genes between 
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species and have it highly expressed without causing big perturbations in the native gene 
expression. 
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Tables and Figures 
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Fig. 1 A: SDS-PAGE analysis with coomassie blue R-250 stain of transgenic F4 endosperm. 
The arrow indicates the position of the band of expressed Glu-lDx5. B: Immuno-dot-blot 
screen of transgenic and non-transgenic endosperms. The upper arrow indicates signal from 
a transgenic kernel, whereas the lower arrow indicates the signal from a non-transgenic 
kernel. 
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Fig 2 A: Comparison of HPLC chromatograms of alcohol-extractable protein from 
transgenic (red) and non-transgenic (blue) endosperm fractions of event 097. B: Comparison 
of HPLC chromatograms of alcohol-extractable protein from transgenic (red) and non-
transgenic (blue) endosperm fractions of event 190. The peaks shown in the figure are the 
average peaks of three endosperms from the same ear. Event 190 has more zeins than event 
097 in either transgenic or non-transgenic endosperm. 
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Fig. 3 A: HPLC chromatograms of alcohol-extractable protein from transgenic endosperm 
after the subtraction of non-transgenic chromatograms. Red traces represent is event 097. 
Blue traces represent event 190. B: Quantification of zeins content by showing the 
differences between transgenic and non-transgenic for both events. Red is the difference of 
zeins content between transgenic and non-transgenic from event 097. Blue is the difference 
of zeins content between transgenic and non-transgenic from event 190. The changes of zein 
levels in event 190 are much higher than event 097. 
Table 1 Differences in zein and nitrogen content between transgenic and non-transgenic of 
the same event (+: transgenic, non-transgenic, **: statistically significant with p-
value<0.05) 
zein 097(+)-097(-) P-value 190(+)-190(-) P-value 
Beta 11.75% 0.194 -4.07% 0.388 
Gamma 2.27% 0.454 -9.22% 0.283 
Alpha 12.93% 0.215 -32.77% 0.022** 
Delta 1.91% 0.462 -32.21% 0.075 
Nitrogen 2.74% 0.304 -3.31% 0.0097** 
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Fig. 4 MA plots of LOWESS and VSN normalized data Red line is the LOWESS curve. M 
is average log ratio of non-transgenic and transgenic. A: MA plot of event 097. The red spot 
is the gene Golgi associated protein se-wap41 (AI714600) identified as differentially 
expressed between non-transgenic and transgenic (p-values<0.0001 ). B: MA of event 190. 
The color spots are the genes identified as differentially expressed between non-transgenic 
and transgenic (p-valuesO .0001). The identified two 22 kD alpha-zein genes are represented 
by green color. 
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Table 3 Up-regulated genes in transgenic endosperm 
Accession# Annotation P-value 
AI677108 60S acidic ribosomal protein P0 2.84E-05 
AI665106 alpha-tubulin 3 9.30E-07 
AI665310 putative 60S ribosomal protein 8.16E-05 
AI739901 putative tRNA synthetase 3.47E-05 
AI833688 pyruvate decarboxylase 1.70E-05 
AI833639 unknown 6.66E-07 
AI670550 unknown 1.05E-06 
AI665134 unknown 1.16E-05 
AI665254 unknown 9.50E-05 
AI833940 unknown protein; 55290-58984 2.35E-05 
AI739932 unnamed protein product 1.262-07 
AI677287 wheat adenosylhomocysteinase-like 6.52E-09 
AI665220 YK426 9.04E-08 
Table 4 Down-regulated genes in transgenic endosperm 
Accession# Annotation P-value 
AI677459 2.26E-05 
AI745864 3-phosphoglycerate kinase 3.85E-05 
AI677243 40S ribosomal protein S25 2.15E-05 
AI795520 0.672-05 
AI667778 osr40g2 4.38E-05 
486072A01 Photosystem I 9.33E-05 
AI677214 putative 40S ribosomal protein S3 1.52E-05 
AI833680 Putative ribosomal protein 510 1.38E-05 
AI795494 small nuclear ribonucleoprotein 1.05E-05 
AI746177 Unknown 8.072-05 
AI745856 Unknown 6.99E-05 
AI673893 Unknown 6.24E-05 
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General Conclusion 
The pleiotropic effects of maize o2 mutation are dependent on it genetic background. 
Our results indicate the phenotypic severity caused by o2 mutation in different genetic 
background may correlate with the transcript levels of o2 gene. 02 is an endosperm-specific 
transcription factor belonging to the bZIP family. Its broad binding specificity and 
interaction with other transcription factors suggest it plays a key role in the regulatory 
network of controlling the specific temporal and spatial expression of seed storage proteins. 
Therefore, dissecting the 02 regulatory network is the key to understand the o2 pleiotropic 
effects. The gene expression regulation is mediated by the combinatorial interactions of 
trans-acting factors and cis-acting elements. Our work consists of two aspects. One is to 
identify transcription factors possibly involved in the 02 regulatory network. The other is to 
characterize the cis-elements which may interact with these transcription factors. Several 
transcription factors such as ring zinc finger protein, bZIP, and G-box binding proteins are 
found to be differentially expressed in different genetic background. These transcription 
factors may form the regulatory complexes with 02 to control the endosperm-specific gene 
expression. The direct evidence comes from the analysis of the promoter region of the bZIP 
gene containing two 02 binding motifs and several cis-elements. Functional expression of a 
transgene in maize, wheat Glu-lDx5, which contains the similar cis-elements, as well as its 
effect on zein expression support the hypothesis these cis-elements are potentially controlled 
by 02 regulatory network. Certainly, further analysis of the effect of o2 on transgene Glu-
ldx5 expression by crossing o2 and Glul-Dx5 lines need to be conducted. Moreover, our 
future work will be focusing on the functional characterization of these transcription factors. 
